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BOOK IX.

THE PHILOSOPHY OF BIOLOGY.

CuartTER 1.
ANALOGY OF BIOLOGY WITH OTHER SCIENCES.

1. In the History of the Sciences, after treating of
the Sciences of Classification, we proceeded to what are
there termed the Organical Sciences, including in this
term Physiology and Comparative Anatomy. A peculiar
feature in this group of sciences is that they involve the
notion of living things. The notion of Life, however vague
and obscure it may be in men’s minds, is apprehended as
a peculiar Idea, not resolvable into any other Ideas, such,
for instance, as Matter and Motion. The separation be-
tween living creatures and inert matter, between organ-
ized and unorganized beings, is conceived as a positive
and insurmountable barrier. The two classes of objects
are. considered as of a distinct kind, produced and pre-
served by different forces. Whether the Idea of Life is
really thus original and fundamental, and whether, if so,
it be one Idea only, or involve several, it must be the
province of true philosophy to determine. What we
shall here offer may be considered as an attempt to con-
tribute something to the determination of these ques-
tions; but we shall perhaps be able to make it appear
that science is at present only in the course of its pro-
gress towards a complete solution of such problems.

Since the main feature of those sciences of which

B2
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we have now to examine the philosophy is, that they
involve the idea of life, it would be desirable to have
them designated by a name expressive of that circum-
stance. The word Physiology, by which they have most
commonly been described, means the Science of Nature;
and though it would be easy to explain, by reference to
history, the train of thought by which the word was
latterly restricted to living nature, it is plain that the
name is, etymologically speaking, loose and improper.
The term Biology, which means exactly what we wish to
express, the Science of Life, has often been used, and has
of late become not uncommon among good writers. I
shall therefore venture to employ it, in most cases, rather
than the word Physiology.

2. As I have already intimated, one main inquiry
belonging to the Philosophy of Biology, is concerning the
Fundamental Idea or Ideas which the science involves.
If we look back at the course and the results of our dis-

- quisitions respecting other sciences in this work, and

assume, as we may philosophically do, that there will be
some general analogy between those sciences and this,
in their developement and progress, we shall be enabled
to anticipate in some measure the nature of the view
which we shall now have to take. We have seen that
in other subjects the Fundamental Ideas on which sci-
ence depended, and the Conceptions derived from these,
were at first vague, obscure, and confused ;—that by
gradual steps, by a constant union of thought and obser-
vation, these conceptions become more and more clear,
more and more definite ;—and that when they approached
complete distinctness and precision, there were made
great positive discoveries into which these conceptions
entered, and thus the new precision of thought was
fixed and perpetuated in some conspicuous and lasting
truths. Thus we have seen how the first confused
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mechanical conceptions (Force and the like,) were from
time to time growing clearer down to the epoch of Newton ;
—how true conceptions of Genera and of wider classes,
gradually unfolded themselves among the botanists of the
sixteenth and seventeenth centuries;—how the idea of
Substance became steady enough to govern the theories
of chemists only at the epoch of Lavoisier ;—how the
Idea of Polarity, although often used by physicists and
chemists, is even now somewhat vague and indistinct in
the minds of the greater part of speoulators. Inlike man-
ner we may expect to find that the Idea of Life, if indeed
that be the governing Idea of the science which treats
of living things, will be found to have been gradually
approaching towards a distinct and definite form among
the physiologists of all ages up to the present day. And
if this be the case, it may not be considered superfluous,
with reference to so interesting a subject, if we employ
some space in tracing historically the steps of this pro-
gress ;—the changes by which the originally loose idea
of Life, or of Vital Powers, became more nearly suited
to the purposes of science. '

3. But we may safely carry this analogy between Bio-
logy and other sciences somewhat further. We have
seen, in other sciences, that while men in their speculations
were thus tending towards a certain peculiar Idea, but
before they as yet saw it clearly to be peculiar and inde-
pendent, they naturally and inevitably clothed their specu-
lations in conceptions borrowed from some other extra-
neous idea. And the unsatisfactoriness of all such at-
tempts, and the necessary consequence of this, a constant
alteration and succession of such inappropriate hypotheses,
were indications and aids of the progress which was going
on towards a more genuine form of the science. For
instance, we have seen that in chemistry, so long as men
refused to recognise a peculiar and distinct kind of power

P



6 . PHILOSOPHY OF BIOLOGY.

in the Affinity which binds together the elements of
bodies, they framed to themselves a series of hypotheses,
each constructed dccording to the prevalent ideas of the
time, by which they tried to represent the relation of the
ecompound to the ingredients:—first supposing that the
elements bestowed upon the whole qualities resembling
their own :—then giving np this supposition, and imagin-
ing that the properties of the body depended upon the
shape of the component particles;—then, as their view
expanded, assuming that it was not the shape, but the
mechanical forees of the particles which gave the body
its attributes ;—and finally aequiescing in, or rather re-
luctantly admitting, the idea of Afinity, conceived as a
peculiar power, different not ‘only from material contact,
but from any mechanical or dynamical attraction.

Now we cannot but think it very natural to find that
the history of Biology offers a series of occurrences of the
same nature. The notions of Life in general, or of any
Vital Functions orVital Forces in particular, are obviously
very loose and vague as they exist in the minds of most
men. The discrepancies and controversies respecting the
definitions of all such terms, which are found in all works
on physiology, afford us abundant evidence that these
notions are not, at least not generally, apprehended with
complete elearness and steadiness. We shall therefore
find approaches and advances, intermediate steps, gra-
duslly leading up to the greatest degree of distinctness
which has yet been attained. And in those stages of
imperfect apprehension in which the notions ef life and
of vital powers are still too loose and unformed to be
applied independently, we may expeet to find them sup-
ported and embodied by means of hypotheses borrowed
from other subjects, and thus made so distinct and subs
stential as to supply at least a temporary possibility of
geientific reasoning upon the laws of life.



ANALOGY OF BIQLOGY WITH OTHER SCIENCES. ¥

4. For example, if we suppose that men begin' te
speculate upon the properties of living things without
scknowledging a peculiar Vital Power, but making use
successively of the knowledge supplied by the ptudy of
ether suhjects, we may ensily imsging 8 serjes . of hypo-
theses along which they would pass.

They would probably, first, in this 86 in gther sciences,
have their thoughts ogeupied hy ¥ague and mysiical potions
in which msteris] and spiritual agency, natural pnd sypes-
natusgl events, were mixed together withont discriminar
tion, and withont any cleas notion at all. Byt ag they
sequired a more genunine perception of the nature. gf
knowledge, they would natumlly try te explpin vitsl
motions and processes by means of such forces as they
had learnt the existence of from other sciences. They
might first have & mechanjcal hyppthesis, in which the
mechanical forces of the solids and flyids which compose
organized bodies should be referred to, as the most im-
portant influences in the process of life. They might
then sttend to the actions which the fluids exercise in
virtue of their sffinity, and might thus form & chemicel
theory. When they had proved the insufficience of these
hypotheses, horrowed from the powers which ma.tter axlu-
bits in other cases, they might think themselves sutho-
rized to sssume some peculisr power or agency, still
material, and thus they would have the hypotliesis of a
vital fuid. And if they were driven to rejeet this, they
might think that there was no resource but to- sssymg
an immaterial principle of life,and thus they would serive
at the doctrine of an snimal soyl.

Now, through the cycle of hypotheses which we bgve
thus suppesed, physiology hes actuslly pagsed. The eqn:
elnsions to which the most philosophical minds have besp
led by a survey of this progress is, that by the failyrg of
8}l these theories, men have exhansted this path of inquisy,
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and shown that scientific truth is to be sought in some
other manner. But before I proceed further to illustrate
this result, it will be proper, as I have already stated, to
exhibit historically the various hypotheses which I have
described. In doing this I shall principally follow the
History of Medicine of Sprengel. It is only by taking
for my guide a physiologist of acknowledged science and
judgment, that I can hope, on such a subject, to avoid
errors of detail. I proceed now to give in succession an
account of the Mystical, the Iatrochemical, the Iatrome-~
thematical, and the Vital-Fluid Schools; and finally of
the Psychical School who hold the Vital Powers to be
derived from the Soul (Psyche).

CHAPTER II.
SUCCESSIVE BIOLOGICAL HYPOTHESES.

Sect. 1. Mystical School—In order to abbreviate as
much as can conveniently be done the historical view
which I have now to take, I shall altogether pass over
the physiological speculations of the ancients, and begin
my survey with the general revival of science in modern
times.

‘We need not’ dwell long on the fantastical and unsub-
stantial doctrines concerning physiology which prevailed
in the sixteenth century, and which flowed in a great
measure from the fertile but ill-regulated imaginations of
the cultivators of Alchemy and Magic. One of the pro-
minent doctors of this school is the celebrated Paracelsus,
whose doctrines contained a combination of biblical in-
terpretations, visionary religious notions, fanciful ana-
logies, and bold experiments in practical medicine. The
opinion of a close but mystical resemblance of parts
between the universe and the human body, the Macrocosm
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and the Microcosm, as these two things, thus compared,
were termed, had probably come down from the Neopla-
tonists; it was adopted by the Paracelsists*, and con-
neeted with various astrological dreams and cabbalistic
riddles. A succession of later Paracelsistst, Rosicrucians,
and other fanatics of the same kind, continued into the
seventeenth century. Upon their notions was founded the
pretension of curing wounds by a sympathetic powder,
which Sir Kenelm Digby, among others, asserted; while
animal magnetism,and the transfer of diseases from one per-
son to another}, were maintained by others of this school.
They held, too, the doctrines of astral bodies correspond-
ing to each terrestrial body’; and of the signatures of plants,
that is, certain features in their external form by which
their virtues might be known. How little advantage or
progress real physiology could derive from speculations of
this kind may be seen from this, that their tendency was
to obliterate the distinction between living and lifeless
things: according to Paracelsus, all things are alive, eat,
drink, and excrete; even minerals and fluids§. Accord-
ing to him and his school, besides material and immaterial
beings, there are elementary spirits which hold an inter-
mediate place, sylvans, nymphs, gnomes, salamanders, &c.
by whose agency various processes of enchantment may be
achieved, and things apparently supernatural explained.
Thus this spiritualist scheme dealt with a world of its
own by means of fanciful inventions and mystical visions,
instead of making any step in the study of nature.

Perhaps, however, one of the most fantastical of the
inventions of Paracelsus may be considered as indicating a
perception of a peculiar character in the vital powers.
According to him, the business of digestion is performed
by a certain demon whom he calls Archkeus, who has his

* Sem., iii., 456. + 1., iv., 270. 1 Is., iv., 276.
§ Ib., iii. 458, Parac., De Vita Rerum Naturalium, p. 889.
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abode in the stomach, and who, by means of his alche-
mieal processes, separates the nutritive from the harmful
part of our food, and makes it capable of assimilation®.
This fanciful notion was afterwards adopted and expanded
by Van Helmont}. Aeccording to him the stomach and
gpleen are both under the direction of this master-spirit,
and these two organs form a sort of Duumviraée in the body.

But though we may see in such writers occasional

gleams of physiological thought, the ahsence of definite
physical relations in the speculations thus promulgated
was naturally intolerable to men of sound understanding
and scientific tendengcies. Sueh men naturally took hold of
that part of the phenomens of life which eould be most dis-
tinctly conceived, and which could be apparently explained
by means of the scienees then cultivated ; and this was the
part which appeared to be reducible to chemical eoncep-
tions and doctrines. It will readily be supposed that the
processes of chemistry have g considerable bearing upoa
physiolagical processes, gnd might, till their range wag
limited by a sound investigation, be supposed to have
still more than they really had ; and thus a physiology
was formed whieh depended mainly upon chemistry, gnd
the school which held this doetrine has been called the
tatrockemical school.

Sect. IL. The latrochemical School—That all physical
properties, and therefore chemigal relations, hgve a mate-
rial inflyence on physiological results, was already recag-
nised, though dimly, in the Galenic doctrine of the four
elementary quaslities. But st the time of Paracelsus,
ehemical action was more distinctly than before separated
from other kinds of physical action; and therefore a
physiologjcal doctrine, founded upon chemistry, and freed
from the extravagance and mysticism of the Paracelsists,
was & very promising path of speculation. Andrew Liba-

* Srw., iii., 468. t Ib., iv., 803.
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vius* of Halle, in Saxony, Physician and Teacher in the
Gymnasium at Koberg, is pointed out by Sprengel as the
person who began to cultivate chemistry, as distinct from
the theosophic fantasies of his predecessors; and Angelus
Sala of Viennat, as his successor. The latter has the
laudable distinction of having rejected the prevalent con-
ceits about potable gold, a universal medicine, and the
like}. In Germany already at the beginning of the
seventeenth century a peculiar chair of Chymiatria was
already created at Marpurg: and many in various places
pursued the same studies, till, in the middle of the seven-
teenth century, we come to Lemery{, the principal
reformer of pharmaceutical chemistry. But we are not
here so much concerned with the practical as with the
theoretical parts of iatrochemistry; and bence we pass on
to Sylvius|| and his system.

The opinion that chemistry had an important beanug
upon physiology did not, however, begin with Sylvius.
Paracelsus, among his extravagant ahsurdities, did some
service to medicine by drawing attention to thisimportant
truth. He used §[ chemical principles for the éxplanation
of particular diseases; most or all of them according te
him, arise from the effervescence of salts, from the com-
bustion of sulphur, or from the coagulation of mercur'y.:
His medicines were chemical preparations ; and it was**
an undeniable advantage of the Paracelsian doctrine that
chemistry thus became indispensable to the physieian.
We still retain a remnant of the chemical nomenclaturg
of Paracelsus in the terim fartar, denoting the stony con-
cretion which forms on the teethtf. According to him
there is a certain substance, the basis of all diseases which
arise from a thickening of the juices and a collection of

* Sen., iii., 550. + Ib., iv., 28]. t Ib., iv., 283.
. § Ib.,iv., 201, | 1b., iv., 336.
q Ib., iii., 472. ** 1., iii., 482, +t K., iii., 475.
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earthy matter; and this substance he calls Zartarus,
because it “burns like the fire of hell.” Helmont, the
successor of Paracelsus in many absurdities, also followed
him in the attempt to give a chemical account, however
loose and wild, of the functions of the human body; and
is by Sprengel considered, with all his extravagancies, as
& meritorious and important discoverer. The notion of
the fermentation of fluids®, and of the aérial product
thence resulting, to which he gave the name of Gas, forms
an important part of his doctrines ; and of the six diges-
tions which he assumes, the firs¢ prepares an acid, which
is neutralized by the gall when it reaches the duodenum,
and this constitutes the second digestion.

I bave already, in the History of Chemistry{, stated,
that the doctrine of the opposition of acid and alkali, the
great step which theoretical chemistry owes to Sylvius,
was first brought into view as a physiological tenet,
although we had then to trace its consequences in ano-
ther science. The explanation of all the functions of the
animal system, both healthy and morbid, by means of
this and other chemical doctrines, and the prescription of
methods of cure founded upon such explanations, form
the scheme of the tatrockemical school; a school which
almost engrossed the favour of European physicians
during the greater part of the seventeenth century.

Sylvius taught medicine at Leyden, from the year
1658, with so much success, that Boerhaave alone sur-
passed him}. His notions, although he piqued himself
on their originality, were manifestly suggested in no
small degree (as all such supposed novelties are) by the
speculations of his predecessors, and the spirit of the
times. Like Helmont§, he considers digestion as con-
sisting in a fermentation; but he states it more definitely

* Vol. v., 315. + Hist. Ind. Sci., iii., 108,
. 1 Ser,, iv., 336. § 1b., 338,
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as the effervescence of an acid, supplied by the saliva
and the pancreatic juice, with the alkali of the gall. By
various other hypothetical processes, all of a chemical
nature, the blood becomes a collection of various juices,
which are the subjects of the speculations of the iatroe .
chemists, to the entire neglect of the solid parts of
the body. Diseases were accounted for by a suppased
prevalence of one or the other of the acrid principles, the
acid or the alkaline: and Sylvius* was bold enough to
found upon these hypotheses practical methods of cure,
which were in the highest degree mischievous.

" The Sylvian doctrine was often combined with some
of the notions of the Cartesian system of philosophy;
but this mixture I shall not notice, since my present
object is to trace the history of a mere chemical physio-
logy as one of the unsuccessful attempts at a philosophy
of life. With various modifications, this doctrine was
diffused over Europe. It gave rise to several contro-
versies, which turned upon the questions of the novelty
of the doctrine, and the use of chemical remedies to
which it pointed, as well as upon its theoretical truth.
We need not dwell long upon these controversies,
although they were carried on with no small vehemence
in their time. Thus the school of Paris opposed all
innovation, remained true to the Galenic dogmatism, and
declared itself earnestly against all combination of che-
mistry with medicine; and even against the chemical
preparation of medicaments. Guy Patin, a celebrated
and learned professor of that day, declarest that the
chemists are no better than forgers, and ought to be pun-
ished as such. The use of antimonial medicines was a
main point of dispute between the iatrochemists and
their opponents; Patin maintained that more men had
been destroyed by antimony than by the thirty years war

* Sem., iv., 345. t Ib., 349.
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of Germany; and endeavoured to substantiate this asser-
tion by collecting all such cases in his Mastyrologium
Antimonsi. It must have been a severe blow to Patin
when¥®, in 1666, the doctors of the faculty of Paris,
assembled by command of the parliament, declared, by a
majority of ninety-two voices, that the use of antimonial
inedicines was allowable and laudable, and when all
attempts to set aside this decision failed.

Florentius Schuyl of Leyden sought to recommend
the iatrochemical doctriries, by maintaining that they
were to be foiind in the Hippocratic writings; nor was
it diffficult to give a chemical interpretation of the
humoral pathology of the ancients. The Italiant{ phy-
piciane also, for the most part, took this line, and
attempted to show the agreement of the principles of
the ancient school of medicine with the new chemical
notions, This, indeed, is the usual manner in which the
diffusion of new theoretical ideas becomes universal.

The progress of the chemical school of medicine in
England} requires our more especial notice. Willis was
the most celebrated champion of this sect. He assumed,
but with modifications of his own, the three Paracelsian
principles; salt, sulphur, and mercury; considered diges-
tion as the effect of an acid, and explained other parts of
the animal economy by distillation, fermentation, and the
like. All diseases arise from the want of the requisite
Jerment ; and the physician, he says§, may be compared to
a vintner; since both the one and the other have to take
care that the necessary fermentations go on, that no
foreign matter mixes itself with the wine of life, to inter-
rupt or derange those operations. In the middle of the
seventeenth century, medicine had reached a point in
which the life of the animal body was considered as

* 8er., iv., 350. + Ib., 368.
1 Ib., 353. § Ib., 354.
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imerely a chemical proeess; the wish to explain everys
- thing on known principles left no recognised difference
between organized and unorganized bodies, and diseases
were treated aecording te this delusive notion. The
condition of chemistry itself during this period, though
not one of brilliant progress, was sufficiently stable and
flourishing to give a plausibility to any speculation which
was founded on chemical principles, and the real influ=
ence of these principles in the animal frame could not be
denied. :

The iatrochemists were at first resisted, as we have
seen, by the adherents of the ancient schools; they were
attacked on various grounds, and finally deposed from
their ascendency by another sect, which we have to speak
of, as the iatromathematical, or mechanical schisol. This
sect was no less unsatisfactory and erroneous in its posi-
tive doctrines than the chemists had been; for the animal
frame is no more a mere machine than a mere laboratory :
but it promoted the cause of truth, by deteeting and
exposing the insufficient explanations and unproved
assertions of the reigning theory.

Boyle was one of the persons who first raised doubts
against the current chemical doctrines of his time, as we
have elsewhere noted; but his objections had no peculiar
physiological import. Hermann Conring®, the most
learned physician of his time, a contemporary with Syl-
vius, took a view more pertinent to our present object;
for he not only rejected the alchemical and hermetical
medicines, but taught expressly that chemistry, in its
then existing condition, was better fitted to be of use in
the practice of pharmacy, than in the theories of physio-
logy and pathology. He made the important assertion,
also, that chemical principles do not pre-exist as such in
the animal body; and that there are higher powers which

* 8pR., iv., 361.
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operate in the organic world, and which do not depend
on the form and mixture of matter.

Attempts were made to prove the acid and alkaline
nature of the fluids of the human body by means of expe-
riments, as by John Viridet of Geneva®, and by Raimond
Vieussenst, the latter of whom maintained that he had
extracted an acid from the blood, and detected a ferment
in the stomach. In opposition to him, Hecquet, a dis-
ciple of the iatromathematical school, endeavoured to
prove that digestion was performed, not by means of fer-
mentation, but by trituration. Hecquet’s own opinions
cannot be defended; but his objections to the chemical
doctrines, and his assertion of the difference of chemical
and organical processes, are evidences of just thought }.

The most important opponents of the iatrochemical
school were Pitcairn in England, Bohn and Hoffman in
Germany, and Boerhaave in Holland. These eminent
physicians, about the end of the seventeenth century,
argued on the same grounds of observation, that digestion
is not fermentation, and that the Sylvian accounts of the
origin of diseases by means of acid and alkali are false.
The arguments and authority of these and other persons
finally gained an ascendency in the medical world, and
-soon after this period we may consider the reign of
the chemical school of physiology as past. In fact, the
attempts to prove its assertions experimentally were of
the feeblest kind, and it had no .solid basis on which it
could rest, so as to resist the shock of the next hypothesis
which the progress of the physical sciences might impel
against it. 'We may, therefore, now consider the opinion
of the mere chemical nature of the vital processes as
disproved, and we proceed next to notice the history of
another unsuccessful essay to reduce vital actions to
known actions of -anether kind.

* Ser., iv., 829, + It., 350, (1716.) 1 Ib., 401,
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‘Secr. III. Tke Iatromathematical School—In the first
Section of this chapter, we enumerated the biologicat
hypotheses which at first present themselves, as the
mystical, the mechanical, the chemical. 'We might have
expected that they should occur to men’s minds in the
order thus stated: and in fact they did so; for the phy«
siology of the ancient materialists, as Democritus and
Lucretius, is mechanical so far as it is at all distinct in
its views, and thus the mechanical preceded the chee
mical doctrine. But in modern times, the fluid or che-
mical physiology was developed before the solid or
mechanical : of which the reason appears to have been
this ;—that mechanics and chemistry began to assume &
scientific character about the same time; and that of the
two, chemistry not only appeared at first sight more
applicable to the functions of the body, because all the
more rapid changes appear to be connected with modis
fications of the fluids of the animal system, but also, by
its wider range of facts and more indefinite principles,
afforded a better temporary refuge for the mind when
perplexed by the difficulties and mysteries which spring
out of the speculations concerning life, But if chemistry
was thus at first a more inviting field for the physiologist,
mechanics soon became more attractive in-virtue of thé
splendid results obtained by the schools of Galileo and
Newton. And when the insufficiency of chemical phy-
siology was discovered by trial, as we have seen it was,
the hope naturally arose, that the mechanical principles
which had explained so many of the phenomena of the
external universe might also be found applicable to the
smaller world of material life; that the microcosm as
well as the macrocosm might have its mechanical princi-
ples. From this hope sprung the iatromathematical
school, or school of mechanical physiologists.

We may, however, divide this school into two parts,

VOL. II c
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the Italian, and the Cartesio-Newtonian sect. The
former employed themselves in calculating and analysing
& number of the properties of the animal frame which
are undoubtedly mechanical ; the latter, somewhat intoxi-
cated by the supposed.triumphs of the corpuscular philo-
sophy, endeavoured to extend these to physiology, and
for this purpose introduced into the subject many arbi-
trary and baseless hypotheses. I will very briefly men-
tion some of the writers of both these sects.

The main points to which the Italian or genuine
mechanical physiologists attended, were the application
of mechanical calculations to the force of the muscles,
and of hydraulical reasonings to the motion of the fluids
of the animal system. The success with which Galileo
and his disciples had pursued these branches of mecha-
nical philosophy, and the ascendency which they had
obtained, first in Italy, and then in other lands, made
such speculations highly interesting. Borelli may be
considered as the first great name in his line, and his
book, De Mot Animalium, (Opus Posthumum, Roms,
1680,) is even now a very instructive treatise on the force
and action of the bones and muscles. This, certainly one
of the most valuable portions of mechanical physiology,
has not even yet been so fully developed as it deserves,
although John Bernoulli® and his son Daniel{ applied
to it the resources of analysis, and Pemberton}, in Eng-
land, pursued the same subject. Other of these mecha-
nico-physiological problems consisted in referring the pres-
sure of the blood and of the breath to hydrostatical prin-
ciples. In this manner Borelli was led to assert that the
muscles of the heart exert a force of 180,000 pounds§.
-But a little later, Keill reduced this force to a few
aunees|. Keill and others attempted to determine, on

* Do Motu Museulorum. + Aet. Acad. Petrop. i., 170.
t Course of Physiology, 1773. § Ser,, iv. 110. Il 76. 443.
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similar principles, the velocity of the blood; we need not
notice the controversies which thus arose, since there is
not involved in them any peculiar physiological principle.

The peculiar character of the iatromathematical
sehool, as an attempt at physiological theory, is more
manifest in its other section, which we have called the
Cartesio-Newtonian. The Cartesian system pretended
to account for the appearances and changes of bodies by
means of the size, figure, and motion of theit minute
particles. And though this system in its progress toward-
the intellectual empire of Europe was suddenly overs
turned by the rise of the Newtonian philosophy, these
corpuscular doctrines rather gained than lost by the revo-
tion; for the Newtonian philosophy enlarged the powers
of the corpuscular hypothesis, by adding the effects of the
attractive and repulsive forces of particles to those of
their form and motion. By this means, although New-
ton’s discoveries did not in fact augment the probability
of the corpuscular hypothesis, they so far increased its
plausibility, that this hypothesis found favour both with
Newton himself and his contemporaries, no less than it
had done with the Cartesians.

The attempt to apply this corpuscular hypothesis to
physiology was made by Des Cartes himself. The gene-
ral character of such speculations may easily be guessed *.
The secretions are effected by the organs operating after
the manner of sieves. Round particles pass through
cylindrical tubes, pyramidal ones through triangular
pores, cubieal particles through square apertures, and
thus different kinds of matter are separated. Similar
speculations were pursued by other mathematicians; the
various diameter of the vesselst, their curvatures, folds,
and angles, were made subjects of calculation. Bellini,
Donzellini, Gulielmini, in Italy; Perrault, Dodart, in

* Ser., iv., 329. + Ip., 432,
ce2
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Frunce; Cole, Keill, Jurin, in England, were the prin-
cipal cultivators of such studies. In the earlier part of
the eighteenth century, physiological theorists considered
it as almost self-evident that their science required them
to reason concerning the size and shape of the particles
of the fluids, the diameter and form of the invisible
vessels. Such ‘was, for instance, the opinion of Cheyne¥,
who held that acute fevers arise from the obstruction of
the glands, which occasions a more vehement motion of
the blood. Mead, the physician of the King, and the
friend of Newton, in like manner explained the effects of
poisons by hypotheses concerning the form of their par-
ticlest, as we have already seen in speaking of chemistry.

It is not necessary for us to dwell longer on this
subject, or to point out the total insufficiency of the mere
mechanical physiology. The iatrochemists had neglected
the effect of the solids of the living frame; the iatro-
mathematicians attended only to these}. And even
these were considered only as canals, as cords, as levers,
as lifeless machines. These reasoners never looked for
any powers of a higher order than the cohesion, the
resistance, the gravity, the attraction, which operate in
inert matter, If the chemical school assimilated the
physician to a vintner or brewer, the mechanical physio-
logists made him an hydraulic engineer; and, in fact,
several of the iatromathematicians were at the same time
teachers of engineering and of medicine. :

Several of the reasoners of this school combined che.
mical with their mechanical principles; but it would
throw no additional light upon the subject to give any
account of these, and I shall therefore go on to speak of
the next form of the attempt to explaul the processes of
life.

. SPB., v., 223, 4+ Mechanical Aocount of Poisons, 1702,
¥ Ser,, iv., 419.
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Secr. IV. The Vital-Fluid School.—1I speak here, not
of that opinion which assumes some kind of fluid or
ether as the means of communication along the nerves in
particular, but of the hypothesis that aZ the peculiar
functions of life depend upon some subtle ethereal sub-
stance diffused through the frame;—not of a nervous
fluid, but of a vital fluid. Again, I distinguish this
opinion from the doctrine of an immaterial vital power or
principle, an animal soul, which will be the subject of the
next Section : nor is this distinction insignificant; for a
material element, however subtle, however much spiritual-
ized, must still act everywhere according to the same
laws; whereas we do not conceive an immaterial spirit
or soul to be subject to this necessity.

The iatromathematical school could explain to their
own satisfaction how motions once begun, were trans-
ferred and modified ; but in many organs of the living
frame there seemed to be a power of beginning motion,
which is beyond all mere mechanical action. This led to
the assumption of a principle of a higher kind, though
still material. Such a principle was asserted by Frederick
Hoffman, who was born at Halle, in 1660*, and became
Professor of Medicine at the newly-established University
there in 1694. According to himt, the reason of the
greater activity of organized bodies lies in the influence
of a material substance of extreme subtilty, volatility,
and energy. This is, he holds, no other than the Ether,
which, diffused through all nature, produces in plants the
bud, the secretion and motion of the juices, and is
separated from the blood and lodged in the brain of
animals}. From this, acting through the nerves, must
be derived all the actions of the organs in the animal
frame; for when the influence of the nerve upon the
muscle ceases, muscular metion ceases also.

* Spr., v. 254, + Ib., v. 257.
3 De Diffsrentid Organismi et Mechanisms, pp. 48. 67.
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The mode of operation of this vital fluid was, how-
ever, by no means steadily apprehended by Hoffmann
and his followers. Its operations are so far mechanical *
that all effects are reduced to motion, yet they cannot be
explained according to known mechanical Jaws. At one
time the effects are said to take place according to laws
of 3 Higher Mechanics which are still to be discovered t.
At anather time, in complete cantradiction of the general
spirit of the system, metaphysical conceptions are intro-
daced : each particle of the vital fluid is said to have a
determined tdea of the whole mechanism and organismf,
and according to this, it forms the body and preserves it
by its motion. By means of this fluid the soul operates
upon the body, and the instincts and the passions have
their saurce in this material sensitive soul. This attribu-
tion of ideas to the particles of the fluid is less unaccount-
able when we recollect that something of the same kind
is admitted into Leibnitz’s system, whose monads have
also ideas.

Notwithstanding its inconsistencies, Hoffman’s system
was received with very general favour both in Germany
and in the rest of Europe; the more 8o, inasmuch as it
tell in very well with the philesophy both of Leibnits
and of Newton. The Newtonians were generally inclined
to identify the vital fluid with the Ether, of which their
master was so strongly disposed to assume the existence;
and indeed he himself suggested this identification.

When the discoveries made respecting Electricity in
the course of the eighteenth century had familiarized
men with the notion of a pervading subtle agent, invi-
sible, intangible, yet producing very powerful effects in
every part of nature, physiologists also caught at the sug-
gestion of such an agent, and tried, by borrowing or
imitating it, to aid the imperfection of their notious of

* 8., v. 202, 8. t+ Ggp., vol. v. p. 123.
3 De Dif. Organ. ¢t Mochan., p. 81.



SUCCESSIVE BIOLOGICAL HYPOTHESES. 23

the vital powers. The Vital Principle* was imagined to
be a substance of the same kind, by some to be the same
substance, with the electric fluid. By its agency all
these processes in organized bodies were accounted for
which cannot be explained by mechanical or chemical
laws, as the secretion of various matters (tears, milk,
bile, &c.) from an homogeneous fluid, the blood; the
production of animal heat, digestion, and the like.
According to John Hunter, this attenuated substance
pervaded the blood itself, as well as the solid organie
frame; and the changes which take place in the blood
which has flowed out of the veins into a basin are ex-
plained by saying that it is, for a time, till this vital fluid
evaporates, truly alive.

The notion of a vital fluid appears also to be favour-
ably looked upon by Cuvier; although with him this
doctrine is mainly put forwards in the form of a nervous
fluid. Yet in the following passage he extends the
operation of such an agent to all the vital functionst.
“ We have only to suppose that all the medullary and
nervous parts produce the nervous agent, and that they
alone conduet it; that is, that it can only be transmitted
by them, and that it is changed or consumed by their ac-
tions. Then everything appears simple: A detached por-
tion of muscle preserves for some time its irritability, on
account of the portion of nerve which always adheres to it,
The sensibility and the irritability reciprocally exhaust each,
other by their exercise, because they change or consumg
the same agent. All the interior motions of digestion,
secretion, excretion, participate in this exhaustion; or may
produce it. All local excitation of the nerves brings
thither more blood by augmenting the irritability of the
arteries, and the afflux of blood augments the real sensi»

* PrICHARD, on the Doctrine of a Vital Principle, p. 12.
t Hist. Soi. Nat. depuia 1789, i. 214,
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bility by augmenting the production of the nervous agent.
Hence the pleasures of titillations, the pains of inflam-
mation. The particular sensations increase in the same
manner and by the same causes; and the imagination
exercises, (still by means of the nerves,) upon the internal
fibres of the arteries or other parts, and through them on
the sensations, an action analogous to that of the will
upon the voluntary motions. As ‘each exterior sense is
exclusively disposed to admit the substances which it is
to perceive, 8o each interior organ, secretory or other, is
" also more excitable by some one agent than by another:
and hence arises what has been called the proper sensi-
bility or proper life of the organs; and the influence of
specifics which introduced into the general circulation
affect only certain parts. In fine, if the nervous agent
cannot become sensible to us, the reason is that all sensa-
tion requires that this agent should be altered in some
way or other; and it cannot alter itself.

“Such is the summary idea which we may at present
form of the mutual and general working of the vital
powers in animals.”

Against the doctrine of a vital fluid as one uniform
material agent pervading the organic frame, an argument
has been stated which points out extremely well the
philosophical objection to such an hypothesis*. If the
vital principle be the same in all parts of the body, how
does it happen, it is asked, that the secretions are so
different # How do the particles in the blood, separated
from their old compounds and united into new ones,
under the same influence, give origin to all the different
fluids which are produced by the glands? The liver
secretes bile, the lacrymal gland tears, and so on. Is the
vital principle different in all these organs? To assert
this, is to multiply nominal principles without limit, and

*® PricrarD, on a Vital Principle, p. 98.
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without any advance in the explanation of facts. Is the
vital principle the same, but its operation modified by
the structure of the organ? We have then two unknown
causes, the vital principle and the organic structure, to
account for the effect. By such a multiplication of
hypotheses nothing is gained. We may as well say at
once, that the structure of the organ, acting by laws yet
unknown, is the cause of the peculiar secretion. It is
as easy to imagine this structure acting to produce the
whole effect, as it is to imagine it modifying the activity
of another agent. Thus the hypothesis of the vital fluid in
this form explains nothing, and does not in any way help
onwards the progress of real biological knowledge.

The hypothesis of an immaterial vital principle must
now be considered.

Secr. V. The Psychical School.—The doctrine of an
animal soul as the principle which makes the operations
of organic different from those of inorganic matter, is quite
distinct from, and we may say independent of, the
doctrine of the soul as the intelligent, moral, responsible
part of man’s nature. It is the former doctrine alone of
which we have here to speak, and those who thus hold
the existence of an immaterial agent as the cause of the
phenomena of life, I term the Psyckical School.

Such a view of the constitution of living things is
very ancient. For instance, Aristotle’s Treatise “on the
Soul,” goes entirely upon the supposition that the soul is
the cause of motion, and he arrives at the conclusion that
there are different parts in the soul; the nuéritive or
vegetative, the sensitive, and the rational*.

But this doctrine is more instructive to us, when it
appears as the antagonist of other cpinions concerning
the nature of life. In this form it comes before us as
promulgated by Stahl, whom we have already noticed as

s ARIST. Hepl ?vxﬁ:. ﬁo 9'-
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one of the great discoverers in chemistry. Born in the
same year as Hoffman, and appointed at his suggestion
professor at the same time in the same new university of
Halle, he soon published a rival physiological theory. In
a letter to Lucas Schrock, the president of the Academy
of Naturalists, he describes the manner in which he was
led to form a system for himself*. Educated in the
tenets of Sylvius and Willis, according to which all dis-
eases are derived from the acidity of the fluids, Stahl, when
a young student, often wondered how these fluids, so liable
to be polluted and corrupted, are so wonderfully preserved
through innumerable external influences, and seem to be
far less affected by these than by age, constitution, pas-
sion. No material cause, could, he thought, produce such
effects. No attention to mechanism or chemistry alone
eould teach us the true nature and laws of organization.
So far as Stahl recognised the influence, in living
bodies, of something beyond the range of mechanics and
cheémistry, there can be no doubt of the sound philosophy
of his views; but when he proceeds to found a positive
system of physiology, his tenets become more precarious.
The basis of his theory is thist: the body has, as body,
no power to move itself, and must always be put in
motion by immaterial substances. All motion is a spi-
ritual act}. The source of all activity in the organic
body, from which its preservation, the permanency of its
composition, and all its other functions proceed, is an
immaterial being, which Stabl calls the Soul; because,
as he says, when the effects are so similar, he will not
multiply powers without necessity. Of this principle, ha
says, as the Hippocratians said of Nature, that “it does
without teaching what it ought to do{,” and does it
“ without consideration||.” These ancient tenets Stahl

* Ser., v. 803. t 1o, v. 308. t I, v. 814,
§ StaRL, wept Puaees dndidevrov. Il duk éx Biavoins.
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interprets in such a manner that even the involuntary
motions proceed from the soul, though without reflection
or clear consciousness. It is indeed evident, that there
are many customary motiors and sensations which are
perfectly rational, yet not the objects of distinct conscious-
ness: and thus instinotive motions, and those of which
we are quite unconscious, may still be connected with
reason. The questions which in this view offer themselves,
a8, how the soul passes from the mother to the child,
he dismisses as unprofitable®. He considers nutrition
and secretion as the work of the soul. The corpuscular
theory and the doctrine of animal spirits are, he rightly
observes, mere hypotheses, which are arbitrary in -their
character, and only shift the difficulty. For, if the ani-
mal spirits are not matter, how can they explain the
action of an immaterial substance on the body; and if
they are matter, how are they themselves acted on?

This doctrine of the action of the soul on the body;
was accepted by many persons, especially by the iatro-
mathematicians, who could not but feel the insufficiency
of their system without some such supplement: such
were Cheyne and Mead. In Germany, Stahi’s disciples
in physiology were for the most part inconsiderable pers
sonst. Several Englishmen who speculated concerning
the metaphysics as well as the physiology of Sensation
and Motion, inclined to this psychical view, as Porterfield
and Whytt. Among the French, Boissier de Sauvages
was the most zealous defender of the Stahlian system.
Actions, he says}, which belong to the preservation of
life are determined- by a moral not a mechanical necess
gsity. They proceed from the soul, but cannot be con-

* This was of course an obvious problem. HARVEY, Or Generation,
Exercise 27, p. 148, teaches, *That the egg is not the production of
the womb, but of the soul.” '

1 Ser,, v. 339, &c. } 1%, 358.
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trolled by it, as the starting from fear, or the trembling
at danger. Unzer, a physician at Altona® was also a
philosophical Stahliant.

We need not dwell on the ‘opposition which was
offered to this theory, first by Hoffman, and afterwards
by Haller. The former of these had promulgated, as we
have seen, the rival theory of a nervous fluid, the latter
was the principal assertor of the doctrine of irritability,
an important theory on which we may afterwards have to
touch. Haller’s animosity against the Stahlian hypothesis
is a remarkable feature in one who is in general so tole-
raut in his judgment of opinions. His arguments are
taken from the absence of the control of the will over
the vital actions, from the want of consciousness aecom-
panying these actions, from the uniformity of them in dif-
ferent conditions of the mind, and from the small sensi-
bility of the heart which is the source of the vital actions.
These objections, and the too decided distinction which
Haller made between voluntary and involuntary muscles,
were very satisfactorily answered by Whytt and Platner.
In particular, it was urged that the instinctive actions of
brutes are inexplicable by means of mechanism, and may
be compared with the necessary vital actions of the
human body. Neither kind are accidental, neither kind
are voluntary, both are performed without reflection.

Without tracing further the progress of the psychical
doctrine, I shall borrow a few reflections upon it from
Sprengel } :—

“ When the opponents of the Stahlian system repeat
incessantly that the assumption of a psychical cause in
corporeal effects is a metaphysical speculation which does
not belong to medicine, they talk to no purpose. The
states of the soul are objects of our internal experience,
and interest the physician too nearly to allow him to

* a.p, 1799, t Se. v. 360, 1 Ib. 383,
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neglect them. The innumerable upconscious efforts of
the soul, the powerful and daily effects of the passions
upon the body, too often put to confusion those who
would expel into the region of metaphysics the disposi-
tions of the mind. The connexion of our knowledge of
the soul, as gathered from experience, with our knowe
ledge of the human body, is far closer than the mecha-
nical and chemical physiologists suspect.

“The strongest objection against the psychical sys-
tem, and one which has never been sufficiently answered
by any of its advocates, is the universality of organie
effects in the vegetable kingdom. The comparison of
the physiology of plants with the physiology of animals
puts the latter in its true light. Without absolutely
trifling with the word sou/, we cannot possibly derive
from a soul the organic operations of vegetables. But
just as little can we, as some Stahlians have done, draw
a sharp line between plants and animals, and ascribe the
processes of the former to mere mechanism, while we
derive the operations of the latter from an intellectual
principle. Not to mention that such a line is not pos-
sible, the rise of the sap and the alteration of the fluids
of plants cannot be derived entirely from material causes
as their highest origin.”

Thus, I may add, this psychical theory, however diffi-
cult to defend in its detail, does in its generalities express
some important truths respecting the vital powers. It
not only, like the last theory, gives unity to the living
body, but it marks, more clearly than any other theory,
the wide interval which separates mechanical and che-
mical from vital action, and fixes our attention upon the
new powers which the consideration of life compels us to
assume. It not only reminds us that these powers are
elevated above the known laws of the material world, but
also that they are closely connected with the world of
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thought and feeling, with will and reason; and thus it
carries us in a manner in which none of the preceding
theories have dome, to a true conception of a living,
conscious, sentient, active individual.

-At the same time we cannot but allow that the life
of plants and of the lower orders of animals shows us very
clearly that, in order to arrive at any sound and consistent
knowledge respecting life, we must form some conception
of it from which all the higher attributes which the term
“soul ” involves, are utterly and carefully excluded; and
therefore we cannot but come to the conclusion that the
psychical school are right mainly in this; that in ascrib-
ing the functions of life-to a soul, they mark strongly and
justly the impossibility of ascribing them to any known
attributes of body.

CaarrER IIIL
ATTEMPTS TO ANALYSE THE IDEA OF LIFE.

1. Definitions of Life—We have seen in the pre-
ceding chapter that all attempts to obtain a distinet con-
ception of the nature of Life in general have ended in
failure, and produced nothing beyond a negative result.
And the conjecture may now naturally occur, that the
cause of this failure resides in an erroneous mode of pro-
pounding to ourselves the problem. Instead of contem-
plating Life as a single Idea, it may perhaps be proper to
separate it into several component notions: instead of
seeking for one cause of all vital operations, it may be
well to look at the separate vital functions, and to seek
their causes. When the view of this possibility opens
upon us, how shall we endeavour to verify it, and to
take advantage of it ?




ATTEMPTS TO ANALYSE THE IDEA OF LIFE. 81

Let us, as one obvious course, take some of the
attempts which have been made to define Life, and let us
see whether they appear to offer to us any analysis of the
idea into component parts. Such definitions, when they
proceed from men of philosophical minds, are the ultis
mate result of a long course of thought and observation
and by no means deserve to be slighted as arbitrary selec-
tions of conditions, or empty forms of words.

2. Life has been defined by Stahl*, «The con-
dition by which a body resists a natural tendency to che-
mical changes, such as putrefaction.” In like manner,
M. von Humboldtt defines living bodies to-be thoss
which, notwithstanding the constant operation of causes
tending to change their form, are hindered by & certain
inward power from undergoing such change.” The first
of these definitions amounts only to the assertion, that
vital processes are not chemical ; a negative result, which
we may accept as true, but which is, a8 we heve seen, a
barren truth. The second appears to be, in its import,
identical with the first. An tnward principle can only
be understood as distinguished from known external
powers, such as mechanical and chemical agencies. Or
if, by an internal principle, we mean such a principle as
that of which we are conscious within ourselves, we
ascribe a soul to all living things: an hypothesis which
we have seen is not more effective than the former in
promoting the progress of biological science.. Noarly the
same criticism applies to such definitions as that of Kant:
that * Life is an internal faculty producing change,
motion, and action.”

Other definitions refer us, not to some property
residing in the whole of an organized mass, but to the
cennexion and relation of its parts. Thus M. von Hum-

* TREVIRANUS. Biologie, p. 19. StanLir, Theor. Med., p. 254.
+ Aphorismen aws d. Chem. Phydlol, der Eflanzen, s. 1.
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boldt* has given another definition of a living body:
that « it is a whole whose parts, arbitrarily separated, no
longer resist chemical changes.” But this additional
assertion concerning the parts, adds nothing of any value
to the definition of the whole. And in some of the lower
kinds of plants and animals it is hardly true as a fact.

8. Another definition { places the character of Life in
“ motions serviceable to the body moved.” To this it
has been objected?, that, on this definition, the earth and
the planets are living bodies. Perhaps it would be more
philosophical to object to the introduction of so loose a
notion as that of a property being serviceable to a body.
We might also add, that if we speak of all vital fune-
tions as motions, we make an assumption quite unautho-
rized, and probably false.

Other definitions refer the idea of Life to the idea of
Organization. « Life is the activity of matter according
to laws of organization§.” We are then naturally led to
ask what is Organization. In reply to this is given us
the Kantian definition of Organization, which I have
already quoted elsewhere|, “An organized product of
nature is that in which all the parts are mutually ends
and means9.” That this definition involves exact fun-
damental ideas, and is capable of being made the basis of
sound knowledge, I shall hereafter endeavour to show.
But T may observe that such a definition leads us some-
what further. If the parts of organized bodies are known
to be means to certain ends, this must be known because
they fulfil these ends, and produce certain effects by the
operation of a certain cause or causes. The question then

* Versuche iiber dis gereitzte Muskel und Nervenfiiser, book ii.,
P oauano, Risontavne Magazin der Heilkunde, b. i., st. 1, p. 69.
1 Treviranus, Biologie, p. 4.

§ Scamip, Physiologie, b. ii., p. 274.
| Hist. Ind. Sci., iii. 470. O Kaxv, Urtheilskraft, p. 296.
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recurs, what is the cause which produces such effects as
take place in organized or living bodies? and this is iden-
tical with the problem of which in the last chapter we
traced the history, and related the failure of phySIOIngsts
in all-attempts at its solution.

4. But what has been just ‘said suggests to us
that it may be an improvement to put our problem in
another shape: not to take for granted that the cause
of all vital processes is one, but to suppose that there
‘may be several separate causes at work in a living body.
If this be so, life is no longer one kind of activity, but
several. We have a number of operations which  are
somehow bound together, and life is the totality of all
these : in short, life is not one functlon, but a system of
functions.

5. We are thus brought very near to the celebrated
definition of life given by Bichat*: « Life is the sum of
‘the functions by which death is resisted.” - But upon the
definition thus stated, we may venture to observe ;—first,
that the introduction of the notion of deatk in order to
define the notion of /ife appears to be unphilosophical.
We may more naturally define death with reference top
life, as the cessation of life; or at least we may consider
life and death as correlative and interdependent notions.
Again, the word “sum,” used in the way in which it here
.ocenrs, appears to be likely to convey an erroneous con-
ception, as if the functions here spoken of were simply
added to each other, and connected by co-existence. It
is plain that our idea of life involves more than this: the
functions are all clearly connected, and mutually depend
on each other; nutrition, circulation, locomotion, repro-
.duction, each has its influence upon ail the others.
These functions not merely co-exist; but exist with many
.mutual relations and connexions; they are continued so

* Physiological Researches on Lifo and Death.
VOL. I, D
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as to form, not merely a sum, but a system. And thus
we are led to modify Bichat’s definition, and to say that
Life is the system of vital functions.

" 8. But it will be objected that by such a definition
we explain nothing: the notion of vital functions, it may
be said; involves the idea of /ife, and thus brings us round
again to our starting point. Or if not, at least it is as
necessary to define Vital Functions as to define Life itself,
‘80 that we have made little progress in our task.

To this we reply, that if any one seeks, upon: such
subjects, some ultimate and independent definition from
which he can, by mere reasoning, deduce a series of con-
clusions, he seeks that which cannot be found. In the
Inductiye Sciences, a definition does not. form the basis
of reasoning, but points out the course of investigation.
The Jefinition must include words; and the meaning of
‘these words must be sought in the progress and results
‘of observations, as I have elsewhere said®. “The meaning
of words is to be sought in the progress of thought; the
history of science is our dictionary; the steps of scientific
induetion are our definitions.” It will appear, I think,
that it is more easy for us to form an idea of a separate
Function of the animal frame, as Nutrition or Reproduc-
tion, than to comprehend Life in general under any single
idea. And when we say that Life is a system of Vital
‘Functions, we are of course directed to study these func-
tione separately, and (as in all other subjects of scientific
research) to endeavour to form of them such clear and
definite ideas as may enable us to discover their laws.

7. The view to which we are thus led, of the most
‘promising mode of conducting the researches of biology,
is one which the greatest and most philosophical physio-
logists of modern times have adopted. Thus Cuvier
- considers this as the true office of physiology at present.

* Hist. Ind. 8¢, iii. 100.
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“ It belongs to modern times,” he says,. “to form a just
elassification of the vital phenomena; the task of the-
present time is to analyse the forces which belong to
each organic element, and upon the zeal and aetivity
which are given to this task depends, according to my
judgment, the fortune of physiology®.” This classifica-
tion of the phenemena of life involves, of course, a dis-
tinetion and arrangement of the vital functions; and the
investigation of the powers by which these functions are
carried on, is a natural sequel to such a elassification.

8. Classifications of Functions.—Attempts to elaesify
the vital funetions of man were made at an early period,
and have been repeated in great number up to modern
times. The task of classification is exposed to the same
difficulties, and governed by the same conditions, in this
as in other subjects, Here, as in the case of ether things,
there may be many olassifieations which are moderately
good and natural, but there is only one which is the best
and the true natural system. Here, as in other cases,
one classification bripge into view one set of relations;
another, another; and each may be valuable for its spe-
cial purpose. Here, as in other cases, the classes may be
well constituted, though the boundary lines which divide
them be somewhat indistinet, and the order doubtful.
Here, as in other cases, we may have approached to the
natursl classification without having attained it ; and hers,
as in other cases, to define our classes is the last and
‘bardest of our problems.

. The most ancient classification of t.he Functions of
living thingst, is the division of them into Vital, Natural,
and Animal. The Vital Functions are those which can-
not be interrupted without loss of life, as Circulation,
Roepwatum, and Nervous Communication. The Natwral

* Hist. Sc. Nat .dep. 1789, i. 218.
+ Dict. des Sciences Nat., art. Fonctions,
D2
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Functions are those which without the intervention of
- the will operate on their proper occasions to preserve
the bodies of animals; they are Digestion, Absorption,
Nutrition ; to which was added Generation. The Animal
Functions are those which involve perception and will,
by which the aniimal is distinguished from the vegetable;.
. they are Sensibility, Locomotion, and Voice.

The two great grounds of this division, the distinction
of functions which operate continually, and those which
operate occasionally; and again, the distinction of func-
tions which involve sensation and voluntary motion from
those which do not, are really of fundamental import-
ance, and gave a real value to this classification. It
‘was, however, liable to obvious objections: namely, First,
that the names of the classes were ill chosen; for all the
functions are natural, all are vital: Second, that the
lines of demarcation between the classes are obscure and
.vague ; Respiration is a vital function, as being continu-
ally necessary to life; but it is also a natural function,
since it concurs in the formation of the nutritive fluid,
-and an animal function, since it depends in part on the
will. But these objections were not fatal, for a classi-
fication may be really sound and philosophical, though
its boundary lines are vague, and its nomenclature ill
selected. The division of the functions we have men-
tioned kept its ground long; or was employed with a
subdivision of one class, so as to make them four; the
vital, natural, animal and serual functions. -

10. I pass over many intermediate attempts to clas-
sify the functions, and proceed to that of Bichat as that
which is, I believe, the one most generally assented to in
modern times. The leading principle in the scheme of
this celebrated. physiologist is the distinction between
organic and animal life. This separation is nearly iden-
tical with the one just noticed between the vital and
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animal functions; bnt Bichat, by the contrasts which he
pointed out between these classes of functions, gave a
decided prominence and permanence to the distinction.
The Organic Life, which in animals is analogous to the
life of vegetables, and the Animal Life, which implies
sensation and voluntary motion, have each its system of
organs. The centre of the animal life is the brain, of the
organic life, the heart. The former is carried on by a
symmetrical, the latter, by an unsymmetrical system of
organs: the former produces intermitting, the latter con-
tinuous actions: and, in addition to these, other differ-
ences are pointed out. This distiniction of the two lives,
being thus established, each is subdivided into two orders
of Functions. The Animal Functions are passive, as
Sensation: or active, as Locomotion and Voice; again, the
Organic Functions are those of composition, which are
concerned in taking matter into the system, Digestion,
Absorption, Respiration, Circulation, Assimilation; and
those of decomposition, which reject the materials when
they have discharged their office in the system, and these
are again, Absorption, Circulation, and Secretion. To these
are added Calorification, or the production of animal heat:
It appears, from what has been said, that A&sorption and
Circulation, (and we may add Assimilation and Secrétion;
which are difficult to separate,) belong alike to the pro-
cesses of composition and decomposition; nor in truth,
can we, with any rigour, separate the centripetal and
centrifugal movements in that vortex which, as we shall
see, is an apt image of organic life.

Several objections have been made to this classifica-
tion; and in particular, to the terms thus employed. It
has been asserted to be a perversion of language to ascribe
to animals #wo lives, and to call the higher faculties in
man, perception and volition, the animal functions. But,
as we have already said, when a classification is really
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good, such objections, which bear only upon the meode in
which it is presented, are by no means fatal: and it i8
generally acknowledged, by all the most philosophical
cultivators of biology, that this arrangement of the func-
tions is better suited to the purposes of the science than
those which preceded it.

11. But according to the principles which we have
already laid down, the solidity of such & classification i8
to be verified by its serving as a useful guide in biological
researches. If the arrangement which we have explained
be really founded in natural relations, it will be found that
in proportion as physiologists have studied the separate
functions above enumerated, their ideas of these functions,
and of the powers by which they are carried on, have
be¢ome more and more clear ;—have tended more and
more to the character of exact and rigorous science.

To examine how far this has been the case with
regard to all the separate functions, would be to attempt
to estimate the value of all the principal physiological
speculations of modern times;—a task far too vast and
too arduous for any one to undertake who has not devoted
liis life to such studies. But it may properly come within
the compass of our present plan to shew how, with regard
to the broader lines of the above classification, there has
been such a progress as we have above described, from
more loose and inaccurate notions of some of the vital
functions to more definite and precise ideas. This I
shall attempt to point out in one of two instances.
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CHaPTER 1V.

ATTEMPTS TO FORM IDEAS OF SEPARATE VITAL
FORCES, AND FIRST OF ASSIMILATION
AND SECRETION.

Bect. 1. Course of Biological Research. :

1. It is to be observed that at present I do not speak
of the progress of our knowledge with regard to the de-
tail of the processes which take place in the human body,
but of the approach made to some distinct idea of the
specially vital part of each process. In the History of
Physiology, it has been seen* that all the great diseoveries
made respecting the organs and motions of the animal
frame have been followed by speculations and hypotheses
connected with such discoveries. The discovery of the
circulation of the blood led to thesries of animal heat
the discovery of the motion of the chyle led to theories
of digestion; the close examination of the process of re
production in plants and animals led to theories of gerie-
ration. In all these cases, the discovery brought to light
some portion of the process which was mechanical of
chemical, but it also, in each instance, served to show
that the process was something more than mechanical ot
chemical. The theory attempted to explain the process
by the application of known causes; but there always
remained some part of it which must unavoidably be
referred to an unknown cause. But though unknown,
such a cause was not a hopeless object of study. ~ As the
vital funetions became better and better understood, it
‘was seen more and more clearly at what precise points of
the process it was necessary to assume a peculiar vital
energy, and what sort of properties this energy must be
conceived to possess. It was perceived where, in- What

* Hist. Ind. 8¢i., iii,, 406. -
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manner, in what degree, mechanical and chemical agen-
cies were modified, overruled, or counteracted, by agencies
which must be hyper-mechanical and hyper-chemical.
And thus the discoveries made in anatomy by a laborious

examination of facts, pointed out the necessity of intro- -

ducing new ideas, in order that the facts might be intel-
ligible. Observation taught much; and among other
things, she taught that there was something which could
not be observed, but which must, if possible, be con-
ceived. I shall notice a few instances of this.

Sect. II. Attempts to form a distinct Conception of
Assimilation and Secretion.

2. The Ancients—That plants and animals grow by
taking into their substance matter previously extraneous,
is obvious to all; but as soon as we attempt to conceive
this process distinctly in detail, we find that it involves
no inconsiderable mystery. How does the same food
become blood and flesh, bone and hair? Perhaps the
earliest attempt to explain this mystery, is that recorded
by Lucretius®* as the opinion of Anaxagoras, that food
contains some bony, some fleshy particles, some of blood,
and so on. We might, on this supposition, conceive that
the mechanism of the body appropriates each kind of
particle to its suitable place.

But it is easy to refute this essay-at plnlosophmng
(as Lucretius refutes it) by remarkmg that we do not
find milk in grass, or blood in fruit, though such food
gives such products in cattle and in men. In opposition
to this « Homoiomereia,” the opinion that is forced upon
us by the facts is, that the process of nutrition is not a
selection merely, but an assimilation ; the organized sys-
tem does not find, but make, the additions to its structure.

3. Buffon—This notion of assimilation may be vari-
ously expressed and illustrated; and all that we can do

* Lucr., i. 855. Nunc et Anaxagors scrutemur duowpépeiar.
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here, in order to show the progress of thought, is to ad-
duce the speculations of those writers who have been most
successful in seizing and marking its peculiar character.
Buffon may be taken as an examiple of the philosophy of
his time on this subject. “The body of the animal,”
says he®, «“is a kind of ¢nferior mould, in which the
matter subservient to its increase is modelled and
assimilated to the whole, in such a way that, without
.occasioning any change in the order and proportion of
the parts, there results an augmentation in each part
taken separately. This increase, this development, if we
would have a clear idea of it, how can we obtain it, except
by considering the body of the animal, and each of the
parts which is to be developed, as so many interior moulds
which only receive the accessory matter in the order
which results from the position of all their parts? This
development cannot take place, as persons sometimes
persuade themselves, by an addition to the outside; on
the contrary, it goes on by an intimate susception which
penetrates the mass; for, in the part thus developed, the
size increases in all parts proportionally, so that the new
matter must penetrate it in all its dimensions: and it is
quite necessary that this penetration of substance must
take place in a certain order, and according to a certain
measure ; for if this were not so, some parts would de-
velope themselves more than others. Now what can
there be which shall prescribe such a rule to the acces-
sory matter except the interior mould £”

To speak of a mould simply, would convey a coarse
mechanical notion, which could not be received as any
useful contribution to physiological speculation. But
this snferior mould is, of course, to be understood figura-
tively, not as an assemblage of cavities, but as a collec-
tion of laws, shaping, directing, and modifying the new
: ‘ * Hist. Nat., b.i. c.3. '
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1natter; giving it not only form, but motion and activity,
such as belong to the parts of an organic being.

3. It must be allowed, however, that even with this
explanation, the comparison is very loose and insufficient.
A mould may be permitted to mean a collection of laws,
but still it can convey no conception except that of laws
regulated by relations of space; and such a conception is
very plainly quite inadequate to the purpose. What can
we conceive of the interior mould by which chyle is sepa~
rated from the aliments at the pores of the lacteals, or
tears secreted in the lacrymatory gland?

An additional objection to this mode of expression of
Buffon is, that it suggests to us only a single marked
change in the assimilated matter, not a continuous series
of changes. Yet the animal fluids and other substances
are, in fact, undergoing & constant series- of changes.
Food becomes chyme, and chyme becomes chyle; chyle
is poured into the blood; from the blood secretions take
place, as the bile; the bile is poured into the digestive
canal, and a portion of the matter previously introduced
is rejected out of the system. Here we must have a
geries of “interior moulds;” and these must impress
matter at its ejection from the organic system as well as
at its reception. But, moreover, it is probable that none
of the above transformations are quite abrupt. Change
is going on between the beginning and the end of each
stage of the nutritive circulation. To express the laws
of this continuous change, the image of an interior mould
is quite unsuited. We must seek a better mode of
conception. ‘ ' ’

4. Vegetable and animal nutrition is, as we have
said, a constant circulation. The matter so assumed is
not all retained: a perpetual subtraction accompanies a
perpetual addition. - There is an excretion as well as an
intussusception. The matter which ‘is assumed by the
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living ereature is retained only for a while, and is then
parted with. The individual is the same, but its parts
are in a perpetual flux: they come and go. For a time
the matter which. belongs to the organie body is bound
to it by certain laws: but before it is thus bound.and
after it is loose; this matter may circulate about the uni.
verse in any other form. Life consists in & permanent
influence over a perpetually changing set of particles.

6. Cuvier—'This condition also-has been happily ex«
pressed, by means of a comparison, by another grest
naturalist. “If)” says Cuvier®, «if, in order to obtain a
Just idea of the essence of life, we censider it in.the
beings where its effects are most simple, we shall soor
perceive that it consists in the faculty which belongs to-
certain bodily combinations to continue during a detet-
minate time under & determinate form; constantly attract-
ing into their composition a' part of the surrounding
substances, and giving up in return some part of their
own substance. :

« Life. 18 thus a vortex, more or less rapid, more or less
complex, which has & constant direction, and which always
carries along its stream particles of the same kinds; but
in which the individual particles are constantly enters
ing in and departing out; so that the form of the hvmg
body is more essential to it than its matter.

“ 30 long as this motion subsists, the body in which
it takes place is alive ; it lives. 'When the motion stops
finally, the body dies. After death, the elements which
compote the body, given up to the ordinary chemical
affinities, soon separate, and the body which was alive is
dissolved.”

This notion of a vortext which is permanent while

* Régne Animal; i. 11.
+ The definition of life given by M. de Blainville appears to me

not to differ essentially from that of Cuvier. “Un corps vivant est
une sorte de foyer chimique ou il-y-a & tous momens apport ‘de nou-
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the matter which composes it constantly changes,—of pe-
culiar forces which act in this vortex so long as it exists,
and which give place to chemical forces when the circu-~
latory motion ceases,—appears to express some of the
leading conditions of the assimilative power of living
things in a simple and general manuer, and thus tends
to give distinctness to the notion of this vital function.

6. But we may observe that this notion of a vortex
is still insufficient. Particles are not only taken into the
system and circulated through it for a time, but, as we
have seen, they are altered in character in a manner to
us unintelligible, both at their first admission into the
system and at every period of their progress through it.
In the vortex each particle is constantly transformed
while it whirls.

It may be said, perhaps, that this transformation may
be conceived to be merely a new arrangement of particles,
and that thus all the changes which take place in the
circulating substances are merely so many additional
windings in the course of the whirling current.  But to
say this, is to take for granted the atomic hypothesis in
its rudest form. What right have we to assume that
blood and tears, bile and milk, consist of like particles of
- matter differently arranged? What can arrangement, a
mere relation of space, do towards explaining such differ-
ences? Is not the insufficiency, the absurdity of such
an assumption proved by the whole course of science?
Are not even chemical changes, according to the best
views hitherto obtained, something more than a mere
pew arrangement of particles? And are not vital as
much beyond chemical, as chemical are beyond geome-
velles molecules et depart de molecules anciennes; oii la composition
n'est jamais fixe (si ce n'est d’'un certain nombre de parties verita~
blement mortes ou en depot), mais toujours pour ainsi dire in nisu,
d’on mouvement plus on moins lent et quelquefois chaleur.”—Principes

& Anat. Comp., 1823, t. i. p. 16.
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trical modifications? It is not ehough, then, to conceive
life as a vortex. The particles which are taken into the
organic frame do more than circulate there. They are,
at every point of their circulation, acted upon by laws of
an unknown kind, changing the nature of the substance
which they compose. Life is a vortex in which vital
forces act at every point of the stream: it is not only a
current of whirling matter, but a cycle of recurring
.powers. :

7. Matter and Form.—This image of a vortex is
closely connected with the representation of life offered
us by writers of a very different school. In ScHELLING’S
Lectures on Academic Study, he takes a survey of the
various branches of human knowledge, determining ac-
cording to his own principles the shape which each science
must necessarily assume. The peculiar character of orga-
nization, according to him*, is that the matter is only an
-accident of the thing itself, and the organization consists

.in form alone. But this form, by its very opposition to
“matter, ceases to be independent of it, and is only ideally
-separable. In organization, therefore, substance and
accident, matter and form, are completely identicalf.
This notion, that in organization the form is essential and
-the matter accidental, or, in other %vords, that the form is
permanent and the matter fluctuating and transitory,
agrees, if taken in the grossest sense of matter and form,
with Cuvier’s image of a vortex. In a whirlpool, or in a
waterfall, the form remains, the matter constantly passes
‘away and is renewed. But we have already seen} that in
metaphysical speculations in which matter and form are
‘opposed, the word form is used in a far more extensive
sense than that which denotes a relation of space. It may
* Lect. xiii., p. 288. :
+ I have not translated Schelling’s words, but given their import

a8 far as I could.
" $Booki.-
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indeed designate any change which matter can undergo;
and we may very allowably say that food and blood are
the same matter under different forms, Hence if we
assert that life is a constant form of circulating matter, we
express Cuvier's notion in a mode free from the false
suggestion which “ vortex” conveys.
8. We may, however, still add something to this
account of life. The circulating parts of the system not
only circulate, but they form the non-circulating parts.
Or rather, there are mo-non-circulating parts: all por-
tions of the frame circulate more or less rapidly. The
food which we take circulates rapidly in the fluids, more
slowly in the flesh, still more slowly in the bones; but in
.all these parts it is taken into the system, retained there
for some time, and finally replaced by other matter. But
_while it remains in the body, it exercises upon the other
circulating parts the powers by which their motion is
:produced. Nutriment forms and supports the organs,
‘and the organs carry fresh nutriment to its destination.
The peculiar forces of the living body, and its peculiar
structure, are thus connected in an indescribable manner.
The forces produce the structure; the structure, again,
is requisite for the exertion of the forces. The idea of
an organic or living being includes this peculiar condi-
tion—that its construction and powers are such, that it
_constantly appropriates to itself new portions of substance
‘which, so appropriated, become indistinguishable parts of
.the whole, and serve to carry on subsequently the same
functions by which they were assimilated. And thus
organic life is a constant form of circulating matter, in which
the matter and the form determine each other by peculiar
laws (that s, by vital forces).

Secr. IT1. Attempts to conceive the Forces of Assimila-
tion and Secretion. .

9. I have already stated that in our attempts to obtain
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elear and scientific Ideas of vital forces, we have, in the
first place, to seek to understand the course of change
and motion in each function, so as to see at what points
of the process peculiar causes come into play; and nex,
to endeavour to obtain some insight into the peeuliar
character and attributes of these causes. Having spoken
of the first part of this mode of investigation in regard
to the general nutrition of organic bodies, I must now
say a few words on the second part.

The forces here spoken of are vital forces. From
what has been said, we may see in some measure the dis-
tingtion between forces of this kind and mechanicsal or
chemical forces; the latter tend constantly to produce a
final condition, after which there is no further cause of
change: mechanical forces tend to produce equilibrium;
chemicsl forces tend to produce compesition or decompo-
sition; and this point once reached, the matter in which
these forces reside is altogether inert. But an organic
body tends to a constant motion, and the highest activity
of organic forces shows itself in continuous change.
Again, in mechanical and chemical forces, the force of
any aggregate is the sum of the forces of all the parts:
the sum of the forces corresponds to the sum of the
matter, But in organic bodies the amount of effect does
not depend on the matter, but on the form: the particles
lose their separate energy, in order to share in that of the
system ; they are not added, they are assimilated.

10. It is difficult to say whether anything has been
gained to science by the various attempts to assign e
fixed name to the vital force which is thus the immediate
cause of assimilation. Tt has been called organic attrac-
tion or vital atiraetion, organic affinity or vital affinity,
being thus compared with mechanical attraction or che-
mical affinity. But, perhaps, ag the process is certainly
neither mechanical nor chemical, it is desirable to appro-
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priate to it a peculiar name; and the name Assimilation,
or Organic Assimilation, by the usage of good biological
writers, is generally employed for this purpose, and may
be taken as the standard name of this vital force. To
illustrate this, I will quote a passage from the excellent
Elements of Physiology of Professor Miiller. *In the pro-
cess of nutrition is exemplified the fundamental principle
‘of organic assimilation. Each elementary particle of an
organ attracts similar particles from the blood, and by
the changes it produces in them, causes them to partici-
-pate in the vital principle of the organ itself. Nerves
‘take up nervous substance, muscles muscular substance :
even morbid structures have the assimilating power;
.warts in the skin grow with their own peculiar structure ;
in an ulcer, the base and border are nourished in a way
-conformable to the mode of action and secretion deter-
mined by the disease.” =
. 11. The force of organic assimilation spoken of in the
Jast paragraph denotes peculiarly the force by which each
organ appropriates to itself a part of the nutriment re-
‘ceived into the system, and thus is maintained and aug-
mented with the growth of the whole. But the growth
of the solid parts is only one portion of the function of
nutrition ; besides this, we must consider the motion and
changes of the fluids, and must ask what kind of forces
may be conceived to produce these. . What are the
powers by which chyle is absorbed from the food, by which
bile is secreted from the blood, by which the circulating
motion of these and all other fluids of the body are con-
stantly maintained? To the questions,—What are the
forces by which absorption, secretion, and the vital motions,
of fluids are produced ?—no satisfactory answer has been
returned. Yet still some steps have been made, which
it may be instructive to point out.

12. In absorption it would appear that a part of the
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agency is inorganic; for not only dead membranes, but
inorganic substances, absorb fluids, and even absorb them
with elective forces, according to the ingredients of the
fluid. A force which is of this kind, and which hads been
termed endosmose, has been found to produce very curious
effects. When a membrane separates two fluids, holding
in solution different ingredients, the fluids pass through
the membrane in an imperceptible manner, and mix or
exchange their elements. The force which produces
these effects is capable of balancing a very considerable
pressure. It appears, moreover, to depend, at least among
other causes, upon attractions operating between the
elements of the solids and the fluids, as well as between
the different fluids; and this force, though thus appa-
rently of a mechanical and chemical nature, probably has
considerable influence in vital phenomena.

13. But still, though endosmose may account in part
for absorption in some cases, it is certain that there is
some other vital force at work in this process. There
must be, as Miiller says*, “an organic attraction of a
kind hitherto unknown.” «If absorption,” he addst, «“is
to be explained in 8 manner analogous to the laws of
endosmose, it must be supposed that a chemical affinity,
resulting from the vital process itself, is exerted between
the chyme in the intestines and the chyle in the lacteals,
by which the chyle is enabled to attract the chyme with-
out being itself attracted by it. ~ But such affinity or
attraction would be of a vital nature, since it does not
exist after death.” ' '

14. If the force of absorption be thus mysterious in
its nature, the force of secretion is still more so. In this
case we have an organ filled with a fine net-work of
blood-vessels, and in the cavities of some gland, or open
part, we have a new fluid formed, of a kind altogether

* Physiology, p. 209. + Ib., p. 30L
VOL. II : E
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different from the blood itself. It is easily shown that
this cannot be explained by any action of pores or capil-
lary tubes. But what conception can we form of the
forces by which such a change is produced? Here, again,
I shall borrow the expressions of Miiller, as presenting
the last result of modern physiology. He says*, “ The
more probahle supposition is, that by virtue of imbibition,
br the general organic porosity, the fluid portion of the
blood becomes diffused through the tissue of the secreting
organ; that the external surface of the glandular canals
‘exerts a chemical attraction on the elements of the fluid,
infusing into them at the same time a tendency to unite
in new combinations; and then repels them in a manner
which is certainly quite inexplicable, towards the inner
surface of the secreting membrane, or glandular canals.”
“ Although quite unsupported by facts,” he adds, * this
theory of attraction and repulsion is not without its ana-
logy in physical phenomena; and it would appear that
very similar powers effect the elimination of the fluid in
seoretion, and cause it to be taken up by the Iymphatics
in absorption.” He elsewhere sayst, “ Absorption seems
‘to depend on an attraction the nature of which is un-
known, but of which the very eounterpart, as it were,
takes place in secretion; the fluids altered by the se-
creting action being repelled towards the free side or
open surface only of the secreting membranes, and then
predsed forwards by the successive portions of the fluids
seoreted.” :

16. With regard to the forces which produce the
motion of absorbed or secreted fluids along their destined
course, it may be seen, from the last quoted sentence,
that the same vital force which changes the nature, also
produces the movement of the substance. The fluids are
pressed forwards by the successive portions absorbed or
secreted. That this is the sole cause, or at least a very

» Physiology, p. 464. + 1b., p. 301,
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powerful cause, of the motion of the nutritive fluids in
organic bodies, is easily shown by experience. It is found®
that the organs which effect the ascent of the sap in trees
during the spring are the terminal parts of the roots;
that the whole force by which the sap is impelled upwards
is the vis a tergo, as it has been called, the force pushing
from behind, exerted in the roots. And thus the force
which produces this motion is exerted exactly at those
points where the arganic body selects from the eontiguous
mass those particles which it absorbs and appropriates.
And the same may moat probably be taken for the cause
of the motion of the lymph and chyle; at least, Miiller
sayst that no other motive power has been detected which
impels those fluids in their course.

Thus, though we must confess the Vital Force con-
cerned in Assimilation and Seoretion to be unknown in
its nature, we still obtain a view of some of the attributes
which it involves, It has mechanioal efficacy, producing
motions, often such as would require great mechanical
force. But it exerts at the same point both an attraction
and a repulsion, attracting matter on one side, and repel-
ling it on the other; and in this circumstance it differs
entirely from mechanical forces. Again, it is not only
.mechanical but chemical, produeing a complete change
in the ndture of the substance on which it acts; to which
we must add that the changes produced by the vital
forces are such as, for the most part, our artificial che-
mistry cannot imitate. But, again, by the action of the
vital force at any point of an organ, not only are fluids
made to pass, and changed as they pass, but the organ
itself is maintained gnd strengthened, so as to continue
or to increase its operation: and thus the vital energy
supports its activity by its action, and is augmented by
being exerted.

* M@uLER, p. 300. + Ib., p. 254.
BHg
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We have thus endeavoured to obtain a view of some
of the peculiar characters which belong to the Force of
Organic Assimilation ;—the Force by which life is kept up,
conceived in the most elementary form to which we can
reduce it by observation and contemplation. It appears
that it is a force which not only produces motion and
chemical change, but also vitalizes the matter on which
it acts, giving to it the power of producing like changes
on other matter, and so on indefinitely. It not only cir-
culates the particles of matter, but puts them in a stream
of which the flow is development as well as movement.

The force of Organic Assimilation being thus con-
ceived, it becomes instructive to compare it with the force
concerned in Generation, which we shall therefore endea-
vour to do.

Sect. I'V. Attempts to conceive the Process of Generation.

16. At first sight the function of Nutrition appears
very different from the function of Generation. In the
former case we have merely the existing organs main-
tained or enlarged, and their action continued; in the
latter, we have a new individual produced and extricated
from the parent. The term reproduction has, no doubt,
been applied, by different writers, to both these func-
tions ;—to the processes by which an organ when muti-
lated, is restored by the forces of the living body, and to
the process by which a new generation of individuals is
produced which may be considered as taking the place of
the old generation, as these are gradually removed by
death. But these are obviously different senses of the
word. In the latter case, the term reproduction is
figuratively used; for the same indiyiduals are not repro-
duced; but the species is kept up by the propagation of
new individuals, as in nutrition the organ is kept up by
the assimilation of new matter. To escape ambiguity, I
shall avoid using the term seproduction in the sense of

propagation.
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'17. In Nutrition, as we have seen, thé matter, which
from being at first extraneous, is appropriated. by the
living system, and directed to the sustentation of the
organs, undergoes a series of changes of whicl the detail
eludes our observation and apprehension. The nutrimént
which we receive contributes to the growth of flesh and
bone, viscera and organs of sense. But we cannot trace
in its gradual changes a visible preparation for its final
office. The portion of matter which is déstined to repair
the waste of the eye or the skin, is not found assuming a
likeness to the parts of the eye or the structure of the
skin, as it comes near the place where it is moulded into
its ultimate form. The new parts are insinuated among
the old ones, in an obscure and imperceptible matter.
We can trace their progress only by their effects. The
organs are nourished, and that is almost all we can learn :
we cannot diseover kow this is done. We cannot follow
pature through a series of manifest preparations and
Pprocesses to this result.

18. In Generation the case is quite different. The
youngf being is formed gradually and by a series’ of dis-
tinguishable processes. It is included within the parent
before it is extruded, and approaches more or less to the
likeness of the parent before it is detached. While it
is still an embryo, it shares in the nutriment which circu-
lates through the system of the mother; but its destination
is already clear. While the new and the old parts, in
every other portion of the mother, are undistinguishably
mixed together, this new part, the feetus, is clearly dis-
tinct from the rest of the system, and becomes rapidly
more and more so, as the time goes on. And thus there
is formed, not a new part, but a néew whole; it is not'an
organ which is kept up, but an offspring which is pre-
pared. The progeny is included in the parent, and is
gradually fitted to be separated from it The young is at
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first only the development of a part of the organization
of the mother;—of a germ, an ovule. But it is not
developed like other organs, retaining its general form.
It does not become merely a larger bud, a larger ovule;
it is entirely changed ; it becomes from a bud, a blossom,
a flower, a fruit, a seed: from an ovule it becomes an
egg, a chick, a bird ; or it may be, a feetus, a child. The
original rudiment is not merely nourished, but unfolded
and transformed through the most marked and remote
changes, graduslly tending to the form of the new indi-
vidual. )

19. But this is not all. The feetus is, as we have
said, & development of a portion of the mother’s organi-
gation.: But the feetus (supposing it female) is a likeness
of the mother. The mother, even before conception,
contains within herself the germs of her progeny; the
female foetus, therefore, at a certain stage of develop-
ment, will contain also the germs of possible progeny;
and thus we may have the germs of future generations,
pre-existing and included saccessively within one another.
And this state of things, which thus suggests itself to us
as possible, is found to be the case in facts which obser-
vation supplies. Anatomists have traced ovules in the
unborn feetus, and thus we have three generations in-
cluded one within another.

20. Bupposing we were to stop here, the process of
propagation might appear to be altogether different from
that of nutrition. The latter, as we have seen, may be
in some measure illustrated by the image of a vorter;
the former has been represented by the image of a series
of germs, sheathed one within another successively, and
this without any limit. This view of the subject has
been termed the doctrine of the pre-existence of germs;
and has been designated by German writers by a term
(einschachtelungs-theorie) descriptive of the successive
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sheathing of which I have spoken. Imitating this term,
we-may call it the theory of successive inclusion. It hgs
always had many adherents; and has been, perhaps, up
to the present time, the most current opinion on the
subject of generation. Cuvier inclines to this opinion®.
“ Fixed forms perpetuating themselves by generaticn dis-
tinguish the species of living things. These forms dp
not produce themselves, do not change themselves. Life
supposes them to exist already; its flame can be lighted
only in organization previously prepared ; and thq most
profound meditations and the most delicate researches
terminate alike in the mystery of the pre-existence of
germs.”

21. Yet this doctrine is full of dlﬂiculty It is, &8
Cuvier says, a mysterious view of the subject ;—so mys-
terious that it can hardly be accepted by us, who seek
distinct conceptions as the basis of our philosophy. Can
it be true, not only that the germ of the offspring is
originally included in the parent, but also-the germs of
its progeny, and so on without limit : —So that each fruit-
ful individual contains in itself an infinite colléction of
future possible individuals;—a reserve of infinite suc-
ceeding generations? This is hard to admit. Have we
no alternative? What is the opposite doctrine ¢

22. The opposite doctrine deserves at least some
notice. It extends to the production of a new individual,
the conception of growth by nutrition. Aéccording te
this view, we suppose propagation to take place, not as in
the view just spoken of, by inclusion anhd extrusion, but
by assimilation and development ;~—not by the material
pre-existence of germs, but by the communication of
vital forces to new matter. This opinion appears to be
entertained by some of the most eminent physiologists
of the -present time. Thus, Miiller says, “ The organie

. * Régne Animal, p. 20. . ’
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force is also creative. The organic force which resides in
the whole, and on which the existence of each part
depends, has also the property of generating from organic
matter the parts necessary to the whole.” Life, he adds,
is not merely a harmony of the parts. On the contrary,
the harmonious action of the parts subsists only by the
influence of a force pervading all parts of the body.
“This force exists before the harmonizing parts, which
are in fact formed by it during the development of the
embryo.” And again; “The creative force exists in the
germ, and creates in it the essential force of the future
animal. The germ is potentially the whole animal : during
the development of the germ the parts which constitute
the actual whole are produced.”

- 23. In this view, we extend to the reproductlon of
an individual the same conception of organic assimilation
which we have already arrived at, as the best notion we
can form of the force by which the reproduction and sus-
tentation of parts takes place. And is not such an
extension really very consistent? If a living thing can
appropriate to itself extraneous matter, invest it with its
own functions, and thus put it in the stream of constant
development, may we not conceive the development of a
new whole to take place in this way as well as of a part?
If the organized being can infuse into new matter its vital
forces, is there any contradiction in supposing this infu-
sion to take place in the full measure which is requisite
for the production of a new individual? The force of
organic assimilation is transferred to the very matter on
which it acts; it may be transferred so that the operation
of the forces produces not only an organ, but a system of
organs.

24. This identification of the forces which operate
in Nutrition and Generation may at first seem forced
and obscure, in consequence of the very strong apparent
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differences of the two processes which we have already
noticed. But this defect in the doctrine is remedied by
the consideration of what may be considered as inter-
mediate cases. It is not true that, in the nutrition of
special organs, the matter is always conveyed to its ulti-
mate destination without being on its way moulded into
the form which it is finally to bear, as the embryo is
moulded into the form of the future individual. On the
contrary, there are cases in which the waste of the organs
is supplied by the growth of new ones, which are prepared
and formed before they are used, just as the offspring is
prepared and formed before it is separated from the
parent. This is the case with the teeth of many animals,
and especially with the teeth of animals of the croco-
dile kind. Young teeth grow near the root of the old
ones, like buds on the stem of a plant; and as these
become fully developed, they take the place of the
parent tooth when that dies and is cast away. And
these new teeth in their turn are succeeded by others
which germinate from them. Several generations of
such teeth, it is said as many as four, have been detected
by anatomists, visibly existing at the same time; just
as several generations of germs of individuals have been,
as we already stated, observed included in one another.
But this case of the teeth appears to show very strikingly
how insufficient such observations are to establish the
doctrine of successive inclusion, or of the pre-existence of
germs.. Are we to suppose that every crocodile’s tooth-
includes in itself the germs of an infinite number of pos-
sible teeth, as in the theory of pre-existing germs, every
individual includes an infinite number of individuals? If
this be.true of teeth, we must suppose that organ to
follow laws entirely different from almost every other
organ; for no one would apply to the other organs in-
general such a theory of reproduction. But if such a-
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theory be not maintained respecting the teeth, how can
we maintain the theory of the pre-existing germs of indi-
viduals, which has no recommendation except that of
accounting for exactly the same phenomena ?

It would seem, then, that we are, by the closest consi-
deration of the subject, led to conceive the forces by
which generation is produced as forces which vitalize
certain portions of matter, and thus prepare them for
development according to organic forms; and thus the
conception of this Generative Force is identified with
the conception of the Force of Organic Assimilation, to
which we were led by the consideration of the process
of nutrition.

I shall not attempt to give further distinctness and
fixity to this conception of one of the vital forces; but I
shall proceed to exemplify the same analysis of life by some
remarks upon another Vital Process, and the Forces of
which it exhibits the operation.

CHAPTER V.

ATTEMPTS TO FORM IDEAS OF SEPARATE
VITAL FORCES, Continued —VOLUNTARY
MOTION.

1. W formerly noticed the distinctions of organic
and animal functions, organic and animal forces, as one
of the most marked distinctions to which physiologists
. have been led in their analysis of the vital powers. I
have now taken one of the former, the organic class of
functions, namely, nutrition; and have endeavoured to
point out in some measure the peculiar nature of the
vital forces by which this function is carried on. It may
serve to show the extent and the difficulty of this subjeet,
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if, before quitting it, I offer a few remarks suggested bya
function belonging to the other class, the animal func-
tions. This I shall briefly do with respect to voluntary
motion. '

2. In the History of Physiology, I have already
related the progress of the researches by which the
organs employed in voluntary motion became known to
anatomists. It was ascertained to the satisfaction of all
physiologists, that the immediate agents in such motion
are the muscles; that the muscles are in some way con-
tracted, when the nerves convey to them the agency of
the will; and that thus the limbs are moved. It was
ascertained, also, that the nerves convey sensations from
the organs of sense inwards, so as to make these sensa-
tions the object of the animal’s consciousness. In man

“and the higher animals, these impressions upon the

nerves are all conveyed to one internal organ, the brain;
and from this organ all impressions of the will appear to
proéeed; and thus the brain is the centre of animal life,
towards which sensations obnverge, and from which voli-
tions diverge.

But this being the process, we are led to inquire how
far we can obtain any knowledge, or form any conception
of the vital forces by means of which the process is car-
ried on. And here I have further stated in the History*,
that the transfer of sensations and volitions along the
nerves was often represented as consisting in the motion
of a Nervous Fluid. I have related that the hypothesis of
such & fluid, conveying its impressions either by motions
of translation or of vibration, was countenanced by many
great names, as Newton, Haller, and even Cuvier. But
I have ventured to express my doubt whether this hypo-
thesis can have much value: “for,” I have said, * this
principle cannot be mechanical, chemical, or physical,
and therefore cannot be better understood by embodying

* Hist. Ind. Sci., iii. 428.
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it in a fluid: The difficulty we have in conceiving what
the force ¢s, is not got rid of by explaining the machinery
by which it is transferred.”

3. I may add, that no succeeding biological researches
appear to have diminished the force of these considera-
tions. In modern times, attempts have repeatedly been
made to identify the nervous fluid with electricity or
galvanism. But these attempts have not been satisfac-
tory or conclusive of the truth of such an identity: and
Professor Miiller probably speaks the judgment of the
most judicious physiologists, when he states it as his
opinion, after examining the evidence#*, “That the vital
actions of the nerves are not attended with the deve-
lopment of any galvanic currents which our instruments
can detect; and that the laws of action of the nervous
principle are totally different from those of electricity.”

That the powers by which the nerves are the instru-
ments of sensation, and the muscles of motion, are vital
endowments, incapable of being expressed or explained
by any comparison with mechanical, chemical, and elec-
trical forces, is the result which we should expect to find,
judging from the whole analogy of science; and which
thus is confirmed by the history of physiology up to the
present time. We naturally, then, turn to inquire
whether such peculiar vital powers have been brought
into view with any distinctness and clearness.

4. The property by which muscles, under proper sti-
mulation, contract and produce motion, has been termed
drritability or contractility; the property by which nerves
are susceptible of their appropriate impressions has been
termed senstbility. A very few words on each of these
. subjects must suffice.

Irritability—1 have, in the History of Physiologyt,
noticed that Glisson, a Cambridge professor, distinguished
the irritation of muscles as a peculiar property, different

* Elem. Phys., p. 640. + Hist. Ind. 8ci., iii. 427.
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from any merely mechanical or physical action. I have
mentioned, also, that he divides irritation into natural,
vital, and animal; and points out, though briefly, the
graduated differences of irritability in different organs.
Although these opinions did not at first attract much
notice, about seventy years afterwards attention was
powerfully called to this vital force, irritability, by Haller
I shall borrow Sprengel’s reflections on this subject.

“ Hitherto men had been led to see more and more
clearly that the cause of the bodily functions, the funda-~
mental power of the animal frame, is not to be sought in
the mechanism, and still less in the mixture of the parts.
In this conviction, they had had recourse partly to the
quite supersensuous principle of the soul, partly to the
half-material principle of the animal spirits, in order to
explain the bodily motions. Glisson alone saw the
necessity of assuming an original power in the fibres,
which, independent of the influence of the animal spirits,
should produce contraction in them. And Gorter first
held that this original power was not to be confined to
the muscles, but to be extended to all parts of the living
body.

“ But as yet the laws of this power were not known,
nor had men come to an understanding whether it were
fully distinct from the elasticity of the parts, or by what
causes it was put in action. They had neither instituted
observations nor experiments which established its rela-
tion to other assumed forces of the body. There was
still wanting a determination of the peculiar seat of this
power, and experiments to trace its gradual differences
in different parts of the body. In addition to other
causes, the necessity of the assumption of such a power
was felt the more, in consequence of the prevalence of
Leibnitz’s doctrine of the activity of matter; but it
was an occult quality, and remained so till Haller, by
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numerous experiments and solid observations, placed in
a clear light the peculiarities of the powers of the animal
body.”

d. Perhaps, however, Haller did more in the way of
determining experimentally the limits and details of the
application of this idea of Irritability as a peculiar attri-
bute, than in developing the idea itself. In this way his
merits were great. As early as the year 17389, he pub.
lished his opinion upon irritability as the cause of mus-
eular motion, which he promulgated again in 1743. But
from the year 1747 he was more attentive to the pecu-
liarities of irritability, and its difference from the effect of
the nerves. In the first edition of his Physiology, which
appeared in 1747, he distinguished three kinds of force
in muscles,—the dead force, the innate force, and the
nervous power. The first .is identical with the elastic
force of dead matter, and remains even after death. The
innate foroe continues only a short time after death, and
disclases itself especially by alternate oscillations; the
motions which arise from this are much more lively than
those which arise from mere elasticity: they are not
excited by tension, nor by pressure, nor by any mecha~
nical alteration, but only by tiritation. The nervous
Jforce of the muscle is imparted to it from without by the
nerves; it preserves the trritability, which cannot long
subsist without the influence of the nervous force, but is
not identical with it.

In the year 17562, Haller laid before the Society of
Gottingen the result of one hundred and ninety experi-
ments; from which it appears to what parts of the
animal system irritability and nervous power belong.
These I need not enumerate. He also investigated with
care its gradations in those parts which do possess it.
Thus the heart possesses it in the highest degree, and
other organs follow in their order.
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6. Haller'’s doctrine was, that there resides in the
muscles a peculiar vital power by which they contract,
and that this power is distinct from the attributes of the
nerves. And this doctrine has been accepted by the
best physiologists of modern times. But.this distinction
of the érritability of the muscles from the sensibility of the
nerves became somewhat clearer by giving to the former
attribute the name of contractility. This accordingly
was done; it is, for example, the phraseology used by
Bichat. By speaking of animal sensibility and animal
contractility, the passive and the active element of the
processes of animal life are c]early separated and opposed
to each other. The sensations which we feel, and the
muscular action which we exert, may be “*losely and
inseparably connected, yet still they are clearly distin-
guishable. We can easily in our apprehension separate
the titillation felt in the nose on taking snuff, from the
action of the muscles in sneezing, or the perception of
an object falling towards the eye, from the exertion which
shuts the eye-lid ; although in these cases the passive and
uctive part of the process are almost or quite inseparable
in fact. And this clear separation of the active from the
passive .power is something, it would seem, peculiar to
the Animal Vital Powers; it is a character by which they
differ, not only from mechanical, chemical, and all other
merely physical forces, but even from Organic Vital
Powers.

7. But this difference between the Animal and the
Organic Vital Powers requires to be further insisted upon,
for it appears to have been overlooked or denied by very
eminent physiologists. For instance, Bichat classifies the
Vital Powers as Animal Bensibility, Animal Contraetility,
Organic Sensibility, Organic Contractility.

Now the view which suggests itself to us, in agree-
ment with what has been said, is this :—that though Ani-
mal Sensibility and Animal Contractility are clearly and
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certainly distinct, Organic Sensibilityand Organic Contrac-
tility are neither separable in fact nor in our conception,
but together make up a single Vital Power. That they
are not separable in fact is, indeed, acknowledged by
Bichat himself. «The organic contractility,” he says®,
“ can never be separated from the sensibility of the same
kind ; the reaction of the excreting tubes is immediately
connected with the action which the secreted fluids exer-
cise upon them: the contraction of the heart must neces-
sarily succeed the influx of the blood into it.” It is not
wonderful, therefore, that it should have happened, as he
complains, that “authors have by no means separated
+ these two things, either in their consideration or in lan-
guage.” We cannot avoid asking, Are Organic Sensibility
and Organic Contractility really anything more than
two different aspects of the same thing, like action and
reaction in mechanics, which are only two ways of con-
sidering the action which takes place at a point; or like
the positive and negative electricities, which, as we have
seen, always co-exist and correspond to each other?

8. But we may observe, moreover, that Bichat, by his
use of the term Contractility, includes in it powers to
which it cannot with any propriety be applied. Why
should we suppose that the vital powers of absorption,
secretion, assimilation, are of such a nature that the name
contractility may be employed to describe them? We
have seen, in the last chapter, that the most careful study
of these powers leads us to conceive them in a manner
altogether removed from any notion of contraction. Is

-it not then an abuse of language which cannot possibly
lead to anything but confusion, to write thust: “The
insensible organic contractility is that, by virtue of which
the excreting tubes react upon their respective fluids,
the secreting organs upon the blood which flows into

* Life and Death, p. 94. + Ib. p. 95.
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them, the parts where nutrition is performed upon the
nutritive juices, and the lymphatics upon the substances
which excite their open extremities.” In the same man-
ner he ascribes® to the peculiar sensibility of each organ
the peculiarity of its products and operations. An
increased absorption is produced by an increased suscep-
tibility of the “absorbent orifices.” And thus, in this
view, each organic power may be contemplated either as
sensibility or as contractility, and may be supposed to be
rendered more intense by magnifying either of these its
aspects; although, in fact, neither can be conceived to
be increased without an exactly commensurate increase
of the other. ,

9. This opinion, unfounded as it thus appears to be,
that all the different organic vital powers are merely dif-
ferent kinds of contractility or excitability, was connected
with the doctrines of Brown and his followers, which
were 80 celebrated in the last century, that all diseases
arise from increase or from diminution of the vital force.
The considerations which have already offered themselves
would lead us to assent to the judgment which Cuvier
has pronounced upon this system. “The theory of exci-
tation,” he says, “so celebrated in these later times by its
influence upon pathology and therapeutick, is at bottom
only a modification of that, in which, including under a
common name sensibility and irritability,” and we may
add, applying this name to all the vital powers, «the
speculator takes refuge in an abstraction so wide, that if,
by it, he simplifies medicine, he anmhllates all positive
physiologyt.”

10. The separation of the nervous influence and the
muscular irritability, although it has led to many highly
instructive speculations, is not without its difficulties,

* Lifs and Death, p. 90.
+ Hist. des Sci. Nat. depuis 1789, i, 219,
VOL. 1L F
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when viewed with reference to the Idea of Vital Power.
If the nrrntab;hty of each muscle reside in the muscle
itself, how does it differ from a mere mechanical force,
as elastnclty? But, in point of fact, it is certain that the
muscular irritability of the animal body is not an attribute
of the muscle itself independent of its connexion with
the system. No muscle, or other part, removed from
the body, long preserves its 1rr1tabxhty This power cannot
Eubﬂlst permanently, except in connexion with ap organie
whole. This condition peculiarly constitutes irritability
a living force and this condition would be satisfied by
consxdermg the force as deruzed from the nervous system ;
but it appears that though the nervous system has the
most important mﬂuence npon all vital actions, the
muscular irritability must peeds be considered as some-
thing distinct. And thys the Irritability or Contractxhty
pf the muscle isa pecuhar eqdowment of the texture, but
lt is at the same time an endowment which can only co-
ex;st w1th life’; it is, in short, a pecullar Vital Power.

11. Thls necess1tg of the union of the muscle with
the who]e neryous system, in order that it may possess
1mtablllty, was the meaping of the true part of Stahl’s
psychlcql doctnne and the reason “hy be and his adher-
gnts persnsted in assertlng the power of the soul even
gver involuntary motions. Tlns doctrine was the source
of much controversy in later times.

“ But ” says Cuvier=®, « ¢ this opposition of opinion
may 1 be reconciled by the intimate union of the nervous
gubstance with the fibre and the other contractile organic
elements, and by their reciprocal action :—doctrines
which had been presented with so much probability by
phys:ologxsts of the Scotch school, but which were ele-
vated above the rank of hypotheses only by the observap
tions of more recent times.

* Hist. des Sci. Nat. depuis 1789, i. 213.
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. “The fibre does not contract by itself, but by the
influence of the nervous filaments, which arp always
united with it. The change which produces the cons
traction caunot take place without the concurrence of
both these substances; and it is further necessary that it
should be occasioned each time by an exterior cause, by
a stimulant.

“The will is one of thege stimulants; but it only
excites the irritability, it does pot constitute it; forin
the case of persons paralytic from apoplexy, the irritabi;
lity remains, though the pawer of the will qver it ig gone,
Thus érritability depends in part on the perve, but not en
the sensibility : this last js angther property, still more
admirable and occult than the irritability; but it is only
one among several functions of the nervous system. It
would be an abuse of words to extend thig denomination
to functions unaccompanied by perception.”

12. Supposing, then, that Contractility is establighed
as a peculiar Vital Power residing in the muscles, we may
ask whether we can trace with any further exactness the
seat and nature of this power. It would be unsuitable
to the nature of the present work ta dwell upon the
anatomical discussions bearing upon this point. I will
only remark that some anatomists maintaip* that ;nps-
cles are contracted by those fibres assuming a zigzag form,
which at first were straighi;. Others (Professor Owen
and Dr. A. Thompson,) doubt the accuracy of thig pbser-
vation; and congejve that the muscular fibre becomes
ghorter and thicker, but does not deviate from a right line.
We may remark that the latter kind of action appears
to be more elementary in its nature. Ve can conceive
a straight line thrown into a zigzag shape by muscular
contractions taking place between remote parts of it;
but it is difficult to conceive by what elementary mode of

* MuLLER, Elem. Phys., p. 887.
F2
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action a straight fibre could bend itself at certain points,
and at certain points only; since the elementary force
must act at every point of the fibre, and not at certain
selected points.

13. A circumstance which remarkably marks the
difference between the vital force of contractility, inhe-
rent in muscles, and any merely dead or mechanical force,
is this; that in assuming their contractile state, muscles
exert a tension which they could not themselves support
or convey if not strengthened by their vital irritability.
They are capable of raising weights by their exertion,
which will tear them asunder when the power of con-
traction is lost by death. This has induced Cuvier and
other physiologists* to believe “that in the moment of
action, the particles that compose a fibre, not only ap-
proach towards each other longitudinally, but that their
cohesive attraction becomes instantaneously much greater
than it was before: for without such an increase of
cohesive force, the tendency to shorten could not, as it
would appear, prevent the fibre from being torn.” We
see here the difficulty, or rather the impossibility, of con-
ceiving muscular contractility as a mere mechanical force ;
and perhaps there is little hope of any advantage by call-
ing in the aid of chemical hypothesis to solve the mecha-
nical difficulty. Cuvier conjectures that a sudden change
in the chemical composmon may thus so quickly and
powerfully augment the cohesion. But we may ask, are
not a chemical synthesis and analysis, suddenly performed
by a mere act of the will, as difficult to conceive as a
sudden increase and decrease of mechanical power directly
produced by the same cause ?

15. Senstbility. The nerves are the organs and chan-
nels of sensibility. By means of them we receive our
‘sensations, whether of mere pleasure and pain, or of qua-

* PrICHARD, Vital Prin., p. 126.
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lities which we ascribe to external objects, as a bitter
‘taste, a sweet odour, a shrill sound, a red colour, 2 hard
or a hot object of touch. Some of these sensations are
but obscurely the objects of our consciousness; as for
example the feeling which our feet have of the ground,
or the sight which our eyes have of neighbouring objects,
when we walk in a reverie. In these cases the sensa~
tions, though obscure, exist ; for they serve to balance and
guide us as we walk. In other cases, our sensations are
distinctly and-directly the objects of our attention.

But our sensations, as we have already said, we ascribe
ag qualities to external objects. By our senses we perceive
objects, and thus our sensations become perceptions. We
have not only the sensation of round, purple, and green,
repeated and varied, but the perception of a bunch of
grapes partly ripe and partly unripe. We have not _only
sensations of noise and of variously-coloured specks ra-
pidly changing their places, but.we have perceptions, by
sound and sight, of a stone rolling down the hill and
crushing the shrubs in its path. We scarcely ever dwell
upon our sensations; our thoughts are employed upon
objects. We regard the impressions upon our nerves,
not for what they are, but for what they e us.

But in what language is it that the impressions upon.
the nerves thus speak to us of an external world, of the
forms and qualities and actions of objects? How is it
that by the aid of our nervous system we become ac-
quainted not only with impressions but - with things ; that
we learn not only the relation of objects to us, but to
one another ?

- 16. It has been shown at some length in the previous
Books, that the mode in which sensations are connected
in our minds so as to convey to us the knowledge of
objects and their relations, is by being contemplated with
reference -to Jdeas. Our sensations, connected by the
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Idea of Space, become figures; connected by the Idea of
Time, they become causes and effects; connected by the
Idea of Resemblance, they become individuals and kinds;
condected by the Idea of Organization, they become
lving things. It has been shown that without these
Ideas there can be no connexion among our sensatlous,
and therefore no perception of Figure, Actlon, Kind, or
iii short of bodies under any aspect whatever. Sensations
hré the rude Matter of our perceptions; and are nothing,
except 8o far as they have Form glveu them by Ideas.
But thus moulded by our Ideas, sensation becomes the
source of an endless store of important knowledge of
évery possible kind.

17. But one of the most obvious uses of our percep-
tions and our knowledge is to direct our actions. It is
suitable to the condition of our being that when we per-
teive a bunch of grapes, we should be able to pluck and
eat the ripe ones; that when we perceive a stone rushing
down the side of a hill, we should be able to move s0 as to
avoid it. And this must be done by moving our limbs;
in short; by the use of our muscles. And thus sensation
leads, not directly, but through the medium of ldeas, to
muscular contraction. I say that sensation and muscular
detion are in such cases connected through the medium
of Ideas. For when we proceed to pluck the grape
which we see, the sensation does not determine the
motion of the liand by any necessary geometrical or
mechanical conditions, as an impression made upon &
thachine determines its motions; but the perception leads
us to stretch forth the hand to that part of space, where-
éver it is, where we know that the grape is, and this, not in
any determinate path, but, it may be, avoiding or removing
iritervening obstacles, which we also perceive. There is in
évety such case & connexion beétween thé sensation and
thd resulting action; riot of a material but of a mental
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kind. , The cause and the effect are bound together, not
by physncal but by intellectual ties.

18. And thus in such cases, between the two vital
operations, sensation and muscular action, there inter-
venes, as an intermediate step, perception or knowledge;
which is not merely vital but ideal. But this is not all
there is still another mental part of the process whick may
be readily distinguished from that which we have de-
scribed. An act of the will, a volition, is that in the mind
which immediately determines the action of the muscles
of the body. And thus Will intervenes betweeri Know-
ledge and Action ; and the cycle of operations which take
place when animals act with reference to external objects
is this :—Sensation, Perception, Volition, Muscular Con-
traction.

19. To attempt farther to analyse the mental part of
this cycle does not belong to the present part of ouf
work. But we may remark here, as we have already
remarked in the History*, low irresistibly we are led
by physiological researches into the domain of thought
and mind: We pass from the body to the soul, from
physics to metaphysws, from blology to psychology,
from things to persons; from nouns to pronouns 1 have
there noticed the manner in which Cuvier expresses this
transition by the introduction of the pronoun: ¢ ‘Ttie
1mpresslon of external objects upon the ME; the produc-
tion of a sensation, of an image; is a mystery impene-
trable to our thoughts.”

20. But to return to the merely bidlogical part of
our speculations. We have arrived, it will be perceived;
at this result: that in animal actions there intervenes
betweer the two terms of Sensation and Muscular Con-
traction; an intermediate process; which may be described
fis & communication {o and from & centre. This ceritre i§

* Hin. Ind. 8&i., iii.; 430
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the seat of the sentient and volent faculties, and is of a
'hyperphysxcal nature. But the existence of such a centre
as a necessary element in the functions of the animal life
is a truth which is important in biology. This indeed may
be taken as the peculiar character of animal, as distin-
guished from merely organic powers. Accordingly it is
so.stated by Bichat. For although he superfluously, as nt
would seem, introduces into his list of vital powers an
organic sensibility, he still draws the distinction of which
I have spoken; “in the animal life, sensibility is the
faculty of receiving an impression plus that of referring lt
to a common centre*.”

~ 21. But since Sensibility and Contractility are thus
connected by reference to a common Centre, we may ask,
before quitting the subject, what are the different forms
which this reference assumes. Is the connexion glwayé
attended by the distinct steps of knowledge and will,—by
a clear act of consciousness, as in the case which we
have taken, of plucking a grape; or may these steps
become obscure, or vanish altogether ?

We need not further illustrate the former connexion.
Such ‘actions as we have described are called voluntary
actlons. ‘In extreme cases, the mental part of the process
is obvnous enough. But we may gradually pass from
these to cases in which ‘the mental operation is more and
more obscure.

In walking, in speaking, in eating, in breathing, our
muscular ‘exertions are directed by our sensations and
perceptions: yet in such processes, how dimly are we
conscious of perceptive and directive power! How the
mind should be able to exercise such a power, and yet
should be scarcely or not at all conscious of its exercise,
is a very curious problem. But in all or in most of the
above instances, the solution of this problem appears to

* Life and Death, p. 84.
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depend upon psychological rather than biological prin-
ciples, and therefore does not belong to this place.

~ 22. But in cases at the other extreme, the mental
part of the operation vanishes altogether. In many
animals, even after decapitation, the limbs shrink when
irritated. 'The motions of the iris are determined by the
influence of light on our eyes, without our being aware
of the motions. Here sensations produce motions, but
with no trace of intervening perception or will. The
sensation appears to be reflected back from the central
element of animal life, in the form of a muscular contrac-
tion; but in this case the sensation is not modified or
regulated by any idea. These reflected motions have no
reference to relations of space or force among surround-
ing objects. They are blind and involuntary, like the
movements of convulsion, depending for direction and
amount only on the position and circumstances of the
limb itself with its muscles. Here the Centre from which
the reflection takes place is merely animal, not intellec-
tual.

In this case some physiologists have doubted whether
the reflection of the sensation in the form of a muscular
contraction does really take place from the Centre; and
have conceived that sensorial impressions might affect
motor nerves without any communication with the nerv-
ous Centre. But on this subject we may, I conceive,
with safety adopt the decision of Professor Miiller, deli-
berately given after a careful examination of the subject.
“ When impressions made by the action of external stimuli
on sensitive nerves give rise to motions in other parts,
these motions are never the result of the direct reaction
of the sensitive and motor fibres of the nerves on each
other; the irritation is conveyed by the sensitive fibres
to the brain and spinal cord, and is by these communi-
cated to the motor fibres.”
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23. Thus we have two extreme cases of the connexion
of sensation with muscular action; in one of which the
connexion clearly is, and in the other it as clearly is not,
determined by relations of Ideas, i its transit through
the nervous Centre. There is another highly curious case,
standing intermediate between these two, and extremely
difficult to refer to eithér. I speak of the case of In-
stinct.

Instinct leads to actions which are suck as if they
were deterntined by Ideas. The lamb follows its mother
by instinct; but the motions by which it does this, the
special muscular exertions, depend entirely upon the
geometrical and mechanical relations of external bodies,
as the form of the ground, and the force of the wind.
The contractions of the muscles which are requisite in
order that the creature may obey its instinct, vary with
every variation of these external conditions;—are not
determined by any rule or necessity, but by properties of
space and force. Thus the action is not governed by
sensations directly, but by sensations moulded by ideas.
And the same is the case with other cases of instinct.
The dog hunts by instinct; but he hunts certain kinds of
animals merely, thus showing that his instinct acts ac-
cording to resemblances and differences; he trosses the
field repeatedly to find the track of his prey by scent;
thus recoghising the relations of space with reference to
the track; he leaps, adJustmo' his force to the distance
and height of the leap with mechanieal precision; and
thius he practically recognises the Ideas of Resemblance,
Spice, and Force.

But have animals such Ideas? In any proper sense
in which we car speak of possessing Ideas; it appears
plain that they have hot. Animals cannot, at any time,
be said properly to possess ideas, for ideds imply the
possibility of speculative knowledge.
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24. But if we allow to animals the practical posses-.
sion of ideas, we have still a great- difficulty remaining.
In the case of man, his ideas are unfolded gradually by
his intercourse with the external world. The child learns
to distinguish forms and positions by a repeated and
incessant use of his hands and eyes; he learns to walk;
to run, to leap, by slow and laborious degrees; he dis-
tinguishes one man from another, and one animal from
another, only after repeated mistakes. Nor can we con-
ceive this to be otherwise. How should the child know
at once what muscles he is to exert in order to touch
with his hand a certain visible object? How should he
know what muscles to exert that he may stand and not
fall, till he has tried often? How should he learn tg
direct his attention to the differences of different faces
and persons, till he is roused by some memory, or hope
which implies memory? It seems to us as if the sensa-
tions could not, without considerable practice, be rightly
referred to Ideas of Space, Force, Resemblance, and the
like.

Yet that which thus appears impossible, is in fict
done by animals. The lamb almost immediately after its
birth follows its mother, accommodating the actions of itd
muscles to the form of the ground. The chick, just
escaped from the shell, picks up a minute insect, directing
its beak with the greatest accuracy. Even the human
infant secks the breast and exerts its muscles in sucking,
almost as soon as it is born. Hence, then, we see that
Instinct produces at once actions regulated by Ideas, or,
at least, which take place as if they were regulated by
Ideas; although the Ideas cannot have been developed
by exercise, and only appear to exist so far as such
actions are concerned.

25. The term Instinct may properly be opposed to In-
sight. The former implies an inward principle of action,
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implanted within a creature and practically impelling it,
but not capable of being developed into a subject of con-
templation. While the instinctive actions of animals are
directed by such a principle, the deliberate actions of man
are. governed by insight: he can contemplate the ideal
relations on which the result of his action depends. He
can in his mind map the path he will follow, and esti-
mate the force he will exert, and class the objects he
has to deal with, and determine his actions by the rela-
tions which he thus has present to his mind. He thus
possesses Ideas not only practically, but speculatively.
And knowing that the Ideas by which he commonly di-
rects his actions, Space, Cause, Resemblance, and the like,
have been developed to that degree of clearness in which
he possesses them by the assiduous exercise of the senses
and the mind from the earliest stage of infancy, and that
these Ideas are capable of being still further unfolded
into long trains of speculative truth, he is unable to con-
ceive the manner in which animals possess such Ideas as
their ibstinctive actions disclose :—Ideas which neither
require to be unfolded nor admit of unfolding; which
sre adequate for practical purposes without any previous
exercise, and inadequate for speculative purposes with
whatever labour cultivated.

I have ventured to make these few remarks on In-
stinct since it may, perhaps, justly be considered as the
last province of Biology, where we reach the boundary
line of Psychology. I have now, before quitting this
subject, only one other principle to speak of.
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CHAPTER VI
OF THE IDEA OF FINAL CAUSES.

1. By an examination of those notions which enter
into all our reasonings and judgments on living things, it
appeared that we conceive animal life as a vortex or cyele
of moving matter in which the form of the vortex deter-
mines the motions, and these motions again support the
form of the vortex: the stationary parts circulate the
fluids, and the fluids nourish the permanent parts. Each
portion ministers- to the others, each depends upon the
other. The parts make up the whole, but the existence
of the whole is essential to the preservation of the parts.
But parts existing under such conditions are organs, and
the whole is organized. This is the fundamental concep-
tion of organization. “Organized beings,” says the physio-
logist*®, “are composed of a number of essential and
mutually dependent parts.” “An organized product of
nature,” says the great metaphysiciant, “is that in which
all the parts are mutually ends and means.”

2. It will be observed that we do not content our-
selves with saying that in such a whole, all the parts are
mutually dependent. This might be true even of a me-
chanical structure; it would be easy to imagine a frame-
work in which each part should be necessary to the
support of each of the others; for example, an arch of
several stones. But in such a structure the parts have
no properties which they derive from the whole. They
are beams or stones when separate; they are no more
when joined. But the same is not the case in an
organized whole. The limb of an animal separated from

* MULLER, Elem., p. 18.
+ Kanr, Urtheilskraft, p. 206.
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the body, loses the properties of a limb and soon ceases
to retain even its form.

3. Nor do we content ourselves with saying that the
parts are mutually eauses and effects. 'This is the case
in machinery. In a clock, the pendulum by means of
the escapement causes the descent of the weight, the
‘weight by the same escapement keeps up the motion of
the pendulum. But things of this kind may happen by
accident. Stones slide from a rock down the side of a
hill and cause it to be smooth; the smoothness of the
slope causes stones still to slide. Yet no one would call
such a slide an organized system. The system is organ-
ized, when the effects which take place among the parts
are essential to our conception of the whole; when the
whole would not be a whole, nor the parts, parts, except
these effects were produced; when the effects not only
happen in fact, but are included in the idea of the object ;
when they are not only seen, but foreseen ; ‘not only ex-
pected, but intended: in short when, instead of being
. causes and effects, they are ends and means, as they are
termed in the above definition.

Thus we necessarily include, in our Idea of Organi-
gzation, the notion of an end, a purpose, a design; or, to
use another phrase which has been peculiarly appro-
priated in this case, a Final Cause. This idea of a Final
Cause is an essential condition in order to the pursuing
our researches respecting organized bodies.

4. This Idea of Final Cause is not deduced from the
phenomena by reasoning, but is assumed as the only con-
dition under which we can reason on such subjects at all.
We do not deduce the Ydea of Space, or Time, or effi-
cient Cause from the phenomena about us, but necessarily
look at phenomena as subordinate to these Ideas from
the beginning of our reasoning. It is true, our ideas of
relations of Space, and Time, and Force may become
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much more clear by our familiarizing ourselves with par-
ticylar phenomena; but still, the Fundamental Jdeas are
not generated but unfolded ; not extracted from the
gxtemal world, but evolved from the \yorld within. Jn
like manner, in the contemplat:on of organic structures,
we consider each part as subservient to some use, and we
cannot study the structure as organic without such a
conception. This notion of adaptation,—this Idea Qf an
End,—may become much more clear and impressive by
seeing it exemplified in particular cases. But still,
though suggested and evoked by special cases, it is not
furnished by them. If it be not supplied by the mlnd
itself, it can never be logically deduced from the pheno-
mena. It is not a portion of the facts which we study,
but it is a principle which connects, includes, and renders
them intelligible; as our other Fundamental Ideas do
the classes of facts to whlch they respectlvely apply.

5. This has already been confirmed by reference tq
fact; in the History of Physiology, I have shown that those
who studied the structure of animals were irresistibly led
to the conviction that the parts of this structure have
each its end or purpose ;—that each member and organ
not merely produces a certain effect or answers a certain
use, but is so framed as to impress us with the persuasion
that it was constructed for that use :—that it was intended
to produce the effect. It was there seen that this per-
suasion was repeatedly expressed in the most emphatic
manner by Galen ;—that it directed the researches and
led to the dlscovenes of Harvey ;—that it has always
been dwelt upon as a favourite contem,plathp, and fol-
lowed as a certain guide, by the best anatomists;—and
that it is inculcated by the physiologists of the profoundest
views and most extensive knowledge of our own time.
All these persons have deemed it & most certmn and im-
portant principle of physmlogy, that in every orgamzed
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structure, plant or animal, each. intelligible part has its
allotted office :—each organ is designed for its appropriate
function :(—that nature, in these cases, produces nothing
in vain: that, in short, each portion of the whole arrange-
ment has its final cause; an end to which it is adapted,
and in this end, the reason that it is where and what
it is.

6. This Notion of Design in organized bodies must, I
say, be supplied by the student of organization out of
his own mind: a truth which will become clearer if
we attend to the most conspicuous and acknowledged
instances of design. The structure of the eye, in which
thé parts are curiously adjusted so as to produce a distinct
image on the retina, as in an optical instrument ;—the
trochlear muscle of the eye, in which the tendon passes
round a support and turns back, like a rope ronnd a
pulley;—the prospective contrivances for the preservation
of animals, provided long before they are wanted, as the
milk of the mother, the teeth of the child, the eyes and
lungs of the feetus :—these arrangements, and innumer-
able others, call up in us a persuasion that Design has
entered into the plan of animal form and progress. And
if we bring in our minds this conception of. Design, nothing
can more fully square with and fit it, than such instances
as these. But if we did not already possess the Idea of
Design ;—if we had not had our notion of mechanical
contrivance awakened by inspection of optical instruments,
or pulleys, or in some other way;—if we had never been
conscious ourselves of providing for the future —if this
were the case, we could not recognise contrivance and
prospectiveness in such instances as we have referred to.
The facts are, indeed, admirably in accordance with these
conceptions, when the two are brought together: but the
facts and the conceptlons come together from different
quarters—from without and from within.

>
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- 7. We niay further illustrate this point by referring
to the relations of travellers who tell us that when con-
summate examples of human mechanical contrivance
have been set before savages, they have appeared inca-
pable of apprehending them as proofs of design. This
shows that in such cases the Idea of Design had not
been developed in the minds of the people who were
thus unintelligent: but it no more proves that such an
ided does not naturally and necessarily arise, in the pro-
gress of men’s minds, than the confused manner in
which the same savages apprehend the relations of space,
or number, or cause, proves that these ideas do not
naturally belong to their intellects. All men have these
ideas; and it is because they cannot help referring their
sensations to such ideas, that they apprehend the world
as existing in time and space, and as a series of causes
and effects. It would be very erroneous to say that the
belief of such truths is obtained by logical reasoning
from facts. And in like manner we cannot logically
deduce design from the contemplation of organic struc-
tures; although it is impossible for us, when the facts
are clearly before us, not to find a reference to design
operating in’ our minds.

8. Again; the evidence of the doctrine of Final
Causes as a fundamental principle of Biology may be
obscured and weakened in some minds by the constant
habit of viewing this doctrine with suspicion as unphi-
losophical and at variance with morphology. = By che-
rishing such views it is .probable that many persons,
physiologists and others, have gradually brought them-
selves to suppose that many or most of the arrange-
ments which are familiarly adduced as instances of design
may be accounted for, or explained away ;—that there is
a certain degree of prejudice and narrowness of compre-
hension in that lively admiration of the adaptation of

VOL. II. G
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means to ends which common minds derive from the
spectacle of organic arrangements. And yet, even in
persons accustomed to these views, the strong and natu-
ral influence of the Idea of a Final Cause, the spon«
taneous recognition of the relation of means to an end
a8 the assumption which makes organic arrangements
intelligible, breaks forth when we bring before them a
new case, with regard to which their genuine convictiona
have not yet been modified by their intellectual habits.
I will offer, as an example which may serve to illustrate
this, the discoveries recently made with regard to the
process of suckling of the kangaroo. In the case of this,
as of other pouched animeals, the young animal is re-
moved, while very small and imperfectly formed, from
the womb to the pouch, in which the teats are, and is
there placed with its lips against one of the nipples. But
the young animal taken altogether is not so large as
the nipple, and is therefore incapable of sucking after
the manner of common mammals. Here is a difficulty:
how is it overcome {—By an appropriate contrivance : the
nipple, which in common mammals is not furnished with
any muscle, is in the kangaroo provided with a powerful
extrusory muscle by which the mother can inject the
milk into the mouth of her offspring. And again; in
order to give attachment to this muscle there is & bone
which is not found in animals of other kinds. But this
mode of solving the problem of suckling so small &
creature introduces another difficulty. If the milk is
injected into the mouth of the young one, without any
action of its own muscles, what is to prevent the fluid
entering the windpipe and producing suffocation? How
is this danger avoided ?~—By another appropriate con-
#rivance : there is a funnel in the back of the throat by
which the air passage is completely separated from the
passage for nutriment, and the injected milk passesin a
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divided stream on each side of the larynx to the cesos
phagus®. And as if to show that this apparatus is really
formed with a view to the wants of the young one, the
structure alters in the course of the animal’s growth; and
the funnel, no longer needed, is modified and disappears.

With regard to this and similar examples, the remark
which I would urge is this:—that no one, however pre
Judiced or unphilosophical he may in general deem the
reference to Final Causes, can, at the first impression,
help regarding this curious system of arrangement as
the means to an end. So contemplated, it becomes
significant, intelligible, admirable: without sach a prin«
ciple, it is an unmeaning complexity, a collection of con~
tradictions, producing an almost impossible result by a
portentous conflict of chances. The parts of this apparas
tus cannot have produced one another; one part is in
the mother; another part in the young one: without
their harmony they could not be effective; but nothing
except design can operate to make them harmonious.
They are intended to work together; and we cannot resist
the conviction of this intention when the facts first come
before us. Perhaps there may hereafter be physiolo-
gists who, tracing the gradual development of the parts
of which we have spoken, and the analogies which con-
nect them with the structures of other animals, may think
that this development, these analogies, account for the
conformation we have described; and may hence think
lightly of the explanation derived from the reference
to Final Causes. Yet surely it is clear, on a calm con-
sideration of the subject, that the latter explanation is
not disturbed by the former; and that the observer’s
first impreesion, that this is “an irrefragable evidence
of creative foresightt,” can never be obliterated; how-

* Mr. OweN, in Pkil. Trans., 1834, p. 348. + Ib. p. 349.
G2
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ever much it may be obscured in the minds of those
who confuse this view by mixing it with others which
arc utterly heterogeneous to it, and therefore cannot be
contradictory.

9. I have elsewhere®* remarked how physiologists,
who thus look with suspicion and dislike upon the
introduction of Final Causes into physiology, have still
been unable to exclude from their speculations causes
of this kind. Thus Cabanis sayst, “I regard with
the great Bacon, the philosophy of Final Causes as
sterile; but I have elsewhere acknowledged that it was
very difficult for the most cautious man never to have
recourse to them in his explanations.” Accordingly, he
says, “ The partisans of Final Causes nowhere find argu-
ments so strong in favour of their way of looking at
nature as in the lJaws which preside and the circumstances
of all kinds which concur in the reproduction of living
races. In no case do the means employed appear so
clearly relative to the end.” And it would be easy to find
similar acknowledgments, express or virtual, in other wri-
ters of the same kind. Thus Bichat, after noting the dif-
ference between the organic sensibility by which the organs
are made to perform their offices, and the animal sensi-
bility of which the nervous centre is the seat, sayst, « No
doubt it will be asked, why”—that is, as we shall see, for
what end—< the organs of internal life have received from
nature an inferior degree of sensibility only, and why
they do not transmit to the brain the impressions which
they receive, while all the acts of the animal life imply
this transmission? The reason is simply this, that all the
phenomena which establish our connexions with surround-
ing objects ought fo be, and are in fact, under the influence

* Bridgewater Treatise, p. 352.
t Rapports de Physique et du Moral, i. 299,
1 Life and Death, (trans.) p. 32.
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of the will; while all those which serve for the purpose
of assimilation only, escape, and ougkt indeed to escape,
such influence.” The reason here assigned is the Final
Cause; which, as Bichat justly says, we cannot help
asking for.

10. Again; I may quote from the writer last men-
tioned another remark, which shows that in the organical
sciences, and in them alone, the Idea of forces as Means
acting to an End, is inevitably assumed and acknowledged
as of supreme authority. In Biology alone, observes
Bichat*, have we to contemplate the state of disease.
 Physiology is to the movements of living bodies, what
astronomy, dynamics, hydraulics, &c., are to those of
inert matter: but these latter sciences have no branches
which correspond to them as pathology corresponds to
physiology. For the same reason all notion of a medica-
ment is repugnant to the physical sciences. A medica-
ment has for its object to bring the properties of the
system back to their natural type; but the physical pro-
perties never depart from this type, and have no need to
be brought back to it: and thus there is nothing in the
physical sciences which holds the place of therapeutick in
physiology.” Or, as we might express it otherwise, of inert
forces we have no conception of what they ought fo do,
except what they do. The forces of gravity, elasticity,
affinity, never act in a diseased manner; we never con-
ceive them as failing in their purpose; for we do not
conceive them as having any purpose which is answered by
one mode of their action rather than another. But with
organical forces the case is different; they are necessarily
conceived as acting for the preservation and develop-
ment of the system in which they reside. If they do not
do this, they fail, they are deranged, diseased. They
have for their object to conform the living being to a

* Anatomie Geneiale, i. liij.
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sertain type; and if they cause or allow it to deviate from
this type, their action is distorted, morbid, contrary to the
ends of nature. And thus this conception of organized
beings as susceptible of disease, implies the recognition of
a state of health, and of the organs and the vital forces as
means for preserving this normal condition. The state of
health and of perpetual development is necessarily con-
templated as the Kinal Cause of the processes and powers
with which the different parts of plants and animals are
endowed.

11. This Idea of a Final Cause is applicable as a fun-
damental and regulative idea to our speoulations concern-
ing organized creatures only. That there is a purpose in
many other parts of the creation, we find abundant reason
to believe from the arrangements and laws whioh prevail
around us. But this persuasion is not to be allowed to
regulate and direct our reasonings with regard to inor-
ganic matter, of which conception the relation of means
and end forms no essential part. In mere Physies, Final
Causes, as Bacon has observed, are not to be admitted as
a principle of reasoning. But in the organical sciences,
the assumption of design and purpose in every part of
every whole, that is, the pervading idea of Final Cause,
is the basis of sound reasoning and the source of true
doctrine.

12. The Idea of Final Cause, of end, purpose, design,
intention, is altogether different from the Idea of Cause,
as efficient cause, which we formerly had to consider; and
on this account the use of the word Cause in this phrase
has been objected to. If the idea be clearly entertained
and steadily applied, the word is a question of subordinate
importance. The term Final Cause has been long fami-
liarly used, and appears not likely to lead to confusion.

13. The oonsideration of Final Causes, both in phy-
siology and in other subjects, has at all times attracted
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muoch attention, in consequence of its bearing upon the
belief of an Intelligent Author of the Universe. I do
not intend, in this plage, to pursue the subject far in this
view; but there is one antithesis of opinion, already
noticed in the History of Physiology, on which I will again
make a few remarks®.

It has appeared to some persons that the mere aspeot
of order and symmetry in the works of nature—the
contemplation of comprehensive and consistent law—is
sufficient to lead ws to the conception of a design
and intelligence producing the order and carrying into
offeet the law. Without here attempting to decide
whether this is true, we may discern, after what has
been said, that the conception of design, arrived at in
this manner, is altogether difforent from that idea of
design which is suggested to us by organized badies,
and which we describe as the dootrine of Final Causes.
The regular form of a crystal, whatever beautiful sym-
metry it may exhibit, whatever general laws it may
exemplify, does not prove design in the same manner in
which design is proved by the provisions for the preser-
vation and growth of the seeds of plants, and of the young
of animals. The law of universal gravitation, however
 wide and simple, does not impress us with the belief of
a purpose, as does that propensity by which the two sexes
of each animal are brought together. If it could be shown
that the symmetrical structure of a flower results from
laws of the same kind as those which determine the regu-
lar forms of crystals, or the motions of the planets, the
discovery might be very striking and impertant, but it
would not at all come under our idea of Final Cause.

14. Accordingly, there have been, in modern times,
two different sehools of physiologists, the one praceeding

* Hist. Ind. Sol., b. xvii., chap. 8. On the Doctrne of Final
Cauges in Physialogy. : :
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upon the idea of Final Causes, the other school seeking
in the realm of organized bodies wide laws and analogies
from which that idea is excluded. All the great biolo-
gists of preceding times, and some of the greatest of
modern times, have belonged to the former school ; and
especially Cuvier, who may be considered as the head of
it. It was solely by the assiduous application of this
principle of Final Cause, as he himself constantly declared,
that he was enabled to make the discoveries which have
rendered his name so illustrious, and which contain a far
larger portion of important anatomical and biological
truth than it ever before fell to the lot of one man to
contribute to the science.

15. The opinions which have been put in opposition
to the principle of Final Causes have, for the most part,
been stated vaguely and ambiguously. Among the most
definite of such principles, is that which, in the History
of the subject, I have termed the Principle of metamor-
phosed and developed Symmetry, upon which has been
founded the science of Morphology.

The reality and importance of this principle are not
to be denied by us: we have shown how they are proved
by its application in various sciences, and especially in
botany. But those advocates of this principle who have
placed it in antithesis to the doctrine of Final Causes,
have by this means done far more injustice to their own
favourite doetrine than damage to the onme which they
opposed. The adaptation of the bones of the skeleton to
the muscles, the provision of fulecrums, projecting pro-
cesses, channels, so that the motions and forces shall
be such as the needs of life require, cannot possibly
become less striking and convincing, from any discovery
of general analogies of one animal frame with another,
or of laws connecting the development of different parts.
Whenever such laws are discovered, we can only consider
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them as the means of producing that adaptation which
we 80 much admire. Our conviction that the Artist
works intelligently, is not destroyed, though it may be
modified and transferred, when we obtain a sight of his
tools. Our discovery of laws cannot contradict our per-
suasion of ends; our Morphology cannot prejudice our
Teleology.

16. The irresistible and constant apprehension of a
purpose in the forms and functions of animals has intro-
duced into the writings of speculators on these subjects
various forms of expression, more or less precise, more or
less figurative; as, that animals are framed with a view
to the part which they have to play ;—that nature does
nothing in vain; that she employs the best means for her
ends; and the like. However metaphorical or inexact any
of these phrases may be in particular, yet taken altogether,
they convey, clearly and definitely enough to preclude any
serious error, a principle of the most profound reality and
of the highest importance in the organical sciences. But
some adherents of the morphological school of which I
have spoken reject, and even ridicule, all such modes of
expression. “I know nothing,” says M. Geoffroy Saint
Hilaire, “ of animals which have to play a part in nature.
I cannot make of nature an intelligent being who does
nothing in vain; who acts by the shortest mode; who
does all for the best.” The philosophers of this school,
therefore, do not, it would seem, feel any of the admira-
tion which is irresistibly excited in all the rest of man-
kind at the contemplation of the various and wonderful
adaptations for the preservation, the enjoyment, the con-
tinuation of the creatures which people the globe;—at
the survey of the mechanical contrivances, the chemical
agencies, the prospective arrangements, the compensa-
tions, the minute adaptations, the comprehensive inter-
dependencies, which zoology and physiology have brought
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into view, more and more, the further their researehes
have been carried. Yet the clear and deep-seated con-
viction of the reality of these provisions, which the study
of anatomy produces in its most profound and acourate
eultivators, cannot be shaken by any objections to the
metaphors or terms in which this conviotion is clothed.
In regard to the Idea of a Purpose in organization, as in
regard to any other idea, we cannot fully express our
meaning by phrases borrowed from any extraneous source;
but that impossibility arises precisely from the circum-
stance of its being a Fundamental Idea which is inevit~
ably assumed in our representation of each special fact.
The same objection has been made to the idea of mecha.
nical force, on account of its being often expressed in
metaphorical language; for writers have spoken of an
enerqy, effort, or selicitation to motion; and bodies have
been said to be animated by a force. Such language, it
has been urged, implies volition, and the act of animated
beings. But the idea of force as distinct from mere
motion,—as the cause of motion, or of tendency to
motion,—is not on that account less real. We endeavonr
in vain to conduoct our mechanical reasonings without the
aid of this idea, and must express it as we can. Just as
little can we reason eoncerning organized beings without
assuming that each part has its function, each function
its purpose; and so far as our phrases imply this, they
will not mislead us, however inexact, or however figu-
rative they be.

. 17. The doctrine of a purpose in orgenization has
been sometimes called the dootrine of the Conditions of
Existence; and has been stated as teaching that each
animal must be so framed as to contain in its structure
the eonditions which its existence requires. When ex-
pressed in thia manner, it has given rise to the ebjection,
that it merely offers an identical proposition; since no
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" animal can exist without such conditions. But in reality,
such expressions as those just quoted give an inadequate
statement of the Principle of a Final Cause. For we
discever in innumerable cases, arrangements in an animal,
of which we see, indeed, that they are subservient to its
well being; but the nature of which we never should
have been able at all to conjecture, from considering
what was necessary to its existence, and which strike us,

no less by their unexpectedness than by their adaptation : '

so far are they from from being presented by any per-
ceptible necessity. Who would venture to say that the
trochlear muscle, or the power of articulate speech, must
ooeur in man, because they are the necessary conditions
of his existence? When, indeed, the general scheme
and mode of being of an, animal are known, the expert
and profound anatomist can reason concerning the pro-
partions and form of its various parts and organs, and
prove in some measure what their relations must be.
We can assert, with Cuvier, that certain forms of the
viscera require certain forms of the teeth, certain forms
of the limbs, certain powers of the senses. But in all
this, the funetions of self-nutrition and digestion are sup-
posed already existing as ends: and it being taken for
granted, as the only conceivable basis of reasoning, that
the organs are means to these ends, we may discover
what modifications of these organs are necessarily related
to and connected with each other. Instead of terming
this rule of speculation merely “ the principle of the cone
ditions of existence,” we might term it “ the principle of
the conditions of organs as weans adapted ta animal
existence as their end.” And how far this principle is
from being a mere barren truism, the extraordinary dis-
coveries made by the great assertor of the principle, and
universally assented to by naturalists, abundantly prove.
The vast extinct oreation which is recalled to life in
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Cuvier’s great work, the Ossemens Fossiles, cannot be the
consequence of a mere identical proposition.

18. It has been objected, also, that the doctrine of
Final Causes supposes us to be acquainted with the inten-
tions of the Creator; which, it is insinuated, is a most
presumptuous and irrational basis for our reasonings.
Bnt there can be nothing presumptuous or irrational in
reasoning on that basis, which if we reject, we cannot
reason at all. If men really can discern, and cannot
help discerning, a design in certain portions of the works
of creation, this perception is the soundest and most
satisfactory ground for the convictions to which it
leads. The Ideas which we necessarily employ in the
contemplation of the world around us, afford us the
only natural means of forming any conception of the
Creator and Governor of the Universe; and if we are by
such means enabled to elevate our thoughts, however
inadequately, towards Him, where is the presumption of
doing so? or rather, where is the wisdom of refusing to
open our minds to contemplations so animating and ele-
vating, and yet so entirely convincing? We possess the
ideas of time and space, under which all the objects of
the universe present themselves to us; and in virtue of
these ideas thus possessed, we believe the Creator to be
eternal and omnipotent. When we find that we, in like
manner, possess the idea of a Design in Creation, and
that with regard to ourselves, and creatures more or less
resembling ourselves, we cannot but contemplate their
constitution under this idea, we cannot abstain from
ascribing to the Creator the infinite profundity and
extent of design to which all these special instances
belong as parts of a whole.

19. I have here considered Design as manifest in
organization only: for in that field of speculation it is
forced upon us as contained in all the phenomena, and
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as the only mode of our understanding them. The
existence of Final Causes has often been pointed out
in other portions of the creation;—in the apparent
adaptations of the various parts of the earth and of the
solar system to each other and to organized beings. In
these provinces of speculation, however, the principle of
Final Causes is no longer the basis and guide, but the
sequel and result of our physical reasonings. If in look-
ing at the universe, we follow the widest analogies of
which we obtain a view, we see, however dimly, reason
to believe that all its laws are adapted to each other, and
intended to work together for the benefit of its organic
population, and for the general welfare of its rational
tenants. On this subject, however, not immediately
included in the principle of Final Causes as here stated,
I shall not dwell. I will only make this remark; that
the assertion appears to be quite unfounded, that as
science advances from point to point, final causes recede
before it, and disappear one after the other. The prin-
ciple of design changes its mode of application indeed,
but it loses none of its force. 'We no longer consider
particular facts as produced by special interpositions, but
we consider design as exhibited in the establishment and
adjustment of the laws by which particular facts are pro-
duced. We do not look upon each particular cloud as
brought near us that it may drop fatness on our fields,
but the general adaptation of the laws of heat, and air,
and moisture, to the promotion of vegetation, does not
become doubtful. We do not consider the sun as less
intended to warm and vivify the tribes of plants and
animals, because we find that, instead of revolving round
the earth as an attendant, the earth along with other
planets revolves round him. We are rather, by the dis-
covery of the general laws of nature, led into a scene of
wider design, of deeper contrivance, of more comprehen-
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sive adjustments. Final causes, if they appear driven
further from us by such an extension of our views,
embrace us only with a vaster and more majestic circuit :
instead of a few threads connecting some detached objects,
they become a stupendous net-work, which is wound
round and round the universal frame of things.

I now quit the subject of Biology, and with it the circle
of sciences depending upon separate original Ideas and
permanent relations. If from the general relations which
permanently prevail and constantlyrecur among the objects
around us, we turn to the inquiry of what has actually
happened ;—if from Science we turn to History;—we find
ourselves in a new field. In this region of speculation
we can rarely obtain a complete and scientific view of
the connexion between objects and events. The past
History of Man, of the Arts, of Languages, of the Earth,
of the Solar System, offers a vast series of problems, of
which perhaps not one has been rigorously solved. Still
man, as his speculative powers unfold themselves, cannot
but feel prompted and invited to employ his thoughts
even on these problems. He cannot but wish and endea-
vour to understand the connexion between the successive
links of such chains of events. He attempts to form a
Science which shall be applicable to each of these
Histories} and thus he begins to construct the class of
sciences to which I now, in the last place, proceed.




BOOK X.

THE PHILOSOPHY OF PALAETIOLOGY.

CHAPTER L.
OF PALAETIOLOGICAL SCIENCES IN GENERAL.

1. I HAVE already stated in the History of the Sei-
ences®, that the class of Sciences which I designate as
Paletiological are those in which the object is to ascend
from the present state of things to a more ancient con-
dition, from which the present is derived by intelligible
causes. As conspicuous examples of this class we may
take Geology, Glossology or Comparative Philology, and
Comparative Archaology. These provinces of knowledge
might perhaps be intelligibly described as Histories ; the
History of the Earth,—the History of Languages,—the
History of Arts. But these phrases would not fully
describe the sciences we have in view; for the object
to which we now suppose their investigations to be
directed is not merely to ascertain what the series of
events has been, as in the common forms of History,
but also how it has been brought about. These sciences
are to treat of causes as well as of effects. Such re-
searches might be termed philosophical history; or, in
order to mark more distinctly that the causes of events
are the leading object of attention, atiological history.
But since it will be more convenient to describe this
class of sciences by a single appellation, I have taken the

* iii,, 481.
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liberty of proposing to call them* the Paletiological
Sciences.

While Paleontology describes the beings which have
lived in former ages without investigating their causes,
and Etiology treats of causes without_distinguishing. his-
torical from mechanical causation ; Paletiology is a com-
bination of the two sciences; exploring by means of the
second the phenomena presented by the first. The
portions of knowledge which I include in this term are
paleontological stiological sciences.

2. All these sciences are connected by this bond ;—
that they all endeavour to ascend to a past state, by
considering what is the present state of things, and what
are the causes of change. Geology examines the exist-
ing appearances of the materials which form the earth,
infers from them previous conditions, and speculates con-
cerning the forces by which one condition has been made
to succeed another. Another science, cultivated with
great zeal and success in modern times, compares the
languages of different countries and nations, and by an
examination of their materials and structure, endeavours
to determine their descent from one another: this science
has been termed Comparative Philology or Ethnography ;
and by the French, Linguistique, a word which we might
imitate in order to have a single name for the science,
but the Greek derivative Glossology appears to be more
convenient in its form. The progress of the Arts (Archi-
tecture and the like); how one stage of their culture
produced another; and how far we can trace their ma-

* A philological writer, in a very interesting work, (Mr. Donaldson,
in his New Cratylus, p. 12,) expresses his dislike of this word, and
suggests that I must mean pale-atiological. 1 think the word is more
likely to obtain currency in the more compact and euphonious form in
which I have used it. It has been adopted by Mr. Winning, in his
Manual of Comparative Philology. -
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turest and most complete condition to their earliest form
in various nations;—are problems of great interest
belonging to another subject, which we may for the
present term Comparative Archzology. I have already
noticed, in the History*, how the researches into the
origin of natural objects, and those relating to works of
art, pass by slight gradations into each other; how the
examination of the changes which have affected an ancient
temple or fortress, harbour or river, may concern alike
the geologist and the antiquary. Cuvier’s assertion that
the geologist is an antiquary of a new order, is perfectly
correct, for both are paletiologists.

3. We are very far from having exhausted, by this
enumeration, the class of sciences which are thus con-
nected. We may easily point out many other subjects
of speculation of the same kind. As we may look back
towards the first condition of our planet, we may in like
manner turn our thoughts towards the first condition of
the solar system, and try whether we can discern any
traces of an order of things antecedent to that which is
now established ; and if we find, as some great mathe-
maticians have conceived, indications of an earlier state
in which the planets were not yet gathered into - their
present forms, we have, in the pursuit of this train of
research, a paletiological portion of Astronomy. Again,
as we may inquire how languages, and how man, have
been diffased over the earth’s surface from place to
place, we may make the like inquiry with regard to the
races of plants and animals, founding our inferences upon
the existing geographical distribution of the animal and
vegetable kingdoms: and thus the Geography of Plants
and of Animals also becomes a portion of Palmtiology.
Again, as we can in some measure trace the progress of
Arts from nation to nation and from age to age, we can

* iii., 482.
voOL. II. H
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also pursue a similar investigation with respect to the
progress of Mythology, of Poetry, of Government, of
Law. Thus the philosophical history of the human race,
viewed with reference to these subjects, if it can give rise
to knowledge so exact as to be properly called Science,
will supply sciences belonging to the class I am now to
consider.

4. It is not an arbitrary and useless proceeding to
construct such a class of sciences. For wide and various
as their subjects are, it will be found that they have all
certain principles, maxims, amd rules of procedure in
common ; and thus may reflect light upon each other
by being- treated of together. Indeed it will, I trust,
appear, that we may by such a juxtaposition of different
speculations, obtain most salutary lessons. And ques-
tions, which, when viewed as they first present themselves
under the aspect of a special science, disturb and alarm
men’s minds, may perhaps be contemplated more calmly,
as well as more clearly, when they are considered as
general problems of pal®tiology.

6. It will at once occur to the reader that, if we
include in the circuit of our classification such subjects as
have been mentioned,—politics and law, mythology and
poetry,—we are travelling very far beyond the material
sciences within whose limits we at the outset proposed
to confine our discussion of principles. But we shall
remain faithful to our original plan; and for that purpose
shall confine ourselves in this work to those palectiological
sciences which deal with material things. It is true, that
the general principles and maxims which regulate these
sciences apply also to investigations of a parallel kind
respecting the products which result from man’s imagi~
native and social endowments. But although there may
be a similarity in the general form of such portions of
knowledge, their materials are so different from those




OF PALETIOLOGICAL SCIENCES IN GENERAL. 99

with which we have been hitherto dealing, that we cannot
hope to take them into our present account with any
profit. Language, Government, Law, Poetry, Art, em-
brace a number of peculiar Fundamental Ideas, hitherto
not touched upon in the disquisitions in which we have
been engaged ; and most of them involved in far greater
perplexity and ambiguity, the subject of controversies
far more vehement, than the Ideas we have hitherto
been examining. We must therefore avoid resting
any part of our philosophy upon sciences, or supposed
sciences, which treat of such subjects. To attend to
this caution, is the only way in which we can secure
the advantage we proposed to ourselves at the outset,
of taking, as the basis of our speculations, none but
systems of undisputed truths, clearly understood and
expressed*. We have already said that we must, know-
ingly and voluntarily, resign that livelier and warmer
interest which doctrines on subjects of Polity or Art pos-
sess, and content ourselves with the cold truths of the
material sciences, in order that we may avoid having
the very foundations of our philosophy involved in con«
troversy, doubt, and obscurity.

6. We may remark, however, that the necessity of
rejecting from our survey a large portion of the researches
which the general notion of Paletiology includes, sug-
gests one consideration which adds to the interest of
our task. We began our inquiry with the trust that
any sound views which we should be able to obtain
respecting the nature of truth in the physical sciences,
and the mode of discovering it, must also tend to throw
light upon the nature and prospects of knowledge of
all other kinds;—must be useful to us in moral, poli-
tical, and philological researches. We stated this as a

* See vol. i. p. 8.
H2
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confident anticipation; and the evidence of the justice
of our belief already begins to appear. We have seen,
in the last Book, that biology leads us to psychology,
if we choose to follow the path; and thus the passage
from the material to the immaterial has already un-
folded itself at one point; and we now perceive that
there are several large provinces of speculation which
concern subjects belonging to man’s immaterial nature,
and which are governed by the same laws as sciences
altogether physical. It is not our business here to dwell
on the prospects which our philosophy thus opens to our
contemplation ; but we may allow ourselves, in this last
stage of our pilgrimage among the foundations of the
physical sciences, to be cheered and animated by the ray
that thus beams upon us, however dimly, from a higher
and brighter region. :

But in our reasonings and examples we shall mainly
confine ourselves to the physical sciences; and for the
most part to Geology, which in the History I have put

forwards as the best representative of the Paletiological
Sciences. .

CuaptER II.

OF THE THREE MEMBERS OF A PALZETIO-
LOGICAL SCIENCE.

1. Divisions of such Sciences.—In each of the Sciences
of this class we consider some particular order of pheno-
mena now existing: from our knowledge of the causes
of change among such phenomena, we endeavour to infer
the causes which have made this order of things what it
is: we ascend in this manner to some previous stage of
such phenomena; and from that, by a similar course of
inference, to a still earlier stage, and to ifs causes.

]
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Hence it will be seen that each such science will consist
of two parts,—the knowledge of the phenomena, and the
knowledge of their causes. And such a division is, in
fact, generally recognised in such sciences: thus we have
History, and the Philosophy of History; we have Com-
parison of Languages, and the Theories of the Origin and
Progress of Language; we have Descriptive Geology,
and Theoretical or Physical Geology. 1In all these cases,
the relation between the two parts in these several
provinces of knowledge is nearly the same; and it may,
on some occasions at least, be useful to express the dis-
tinction in a uniform or general manner. The investiga-
tion of causes has been termed .#tiology Ly philosophical
writers, and this term we may use in contradistinction
to the mere Phenomenology of each such department of
knowledge. And thus we should have Phenomenal Geo-
logy and Atiological Geology, for the two divisions of
the science which we have above termed Descriptive and
Theoretical Geology.

2. Study of Causes—But our knowledge respectmg
the causes which actually Aave produced any order of
phenomena must be arrived at by ascertaining what the
causes of change in such matters can do. In order to
learn, for example, what share earthquakes, and volcanoes,
and the beating of the ocean against its shores, ought to
have in our Theory of Geology, we must make out what
effects these agents of change are able to produce. And
this must be done, not hastily, or unsystematically, but
in a careful and connected manner; in short, this study of
the causes of change in each order of phenomena must
become a distinct body of Science, which must include a
large amount of knowledge, both comprehensive and
precise, before it can be applied to the construction of a
theory. We must have an Atiology corresponding to
each order of phenomena.
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8. Atiology—In the History of Geology, I have
spoken of the necessity for such an Atiology with regard
to geologieal phenomena : this necessity I have compared
with that which, at the time of Kepler, required the
formation of a separate science of Dynamics, (the doctrine
of the causes of motion,) before Physical Astronomy
could grow out of Phenomenal Astronomy. In pursuance
of this analogy, I have there given the name of Geological
Dynamics to the science which treats of the causes of
geological change in general. But, as I have there inti-
mated, in a large portion of the subject the changes are
so utterly different in their nature from any modification
of motion, that the term Dynamics, so applied, sounds
harsh and strange. For in this science we have to treat,
not only of the subterraneous forces by which parts of the
earth’s crust are shaken, elevated, or ruptured, but also
of the causes which may change the climate of a portion
of the earth’s surface, making a country hotter or colder
than in former ages; again, we have to treat of the
causes which modify the forms and habits of animals
and vegetables, and of the extent to which the effects of
such causes can proceed ; whether, for instance, they can
extinguish old species and produce new. These and other
similar investigations would not be naturally in¢luded in
the notion of Dynamics; and therefore it will be better
to use the term 4tiology when we wish to group together
all those researches which have it for their object to de-
termine the laws of such changes. In the same manner
the Comparison and History of Languages, if it is to lead
to any stable and exact knowledge, must have appended
to it an Atiology, which aims at determining the nature
and the amount of the causes which really do produce
changes in language; as colonization, conquest, the mix-
ture of races, civilization, literature, and the like. And
the same rule applies to all sciences of this class. We
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shall now make a few remarks on the characteristics of
such branches of science as those to which we are led by
the above considerations.

4. Phenomenology requires Classification. Phenome-
nal Geology—The Phenomenal portions of each science
imply Classification, for no description of a large and
varied mass of phenomena can be useful or intelligible
without classification. A representation of phenomena,
in order to answer the purposes of science, must be sys-
tematic. Acocordingly, in giving the History of Descrip-
tive or Phenomenal Geology, I have called it Systematic
Geology, just as Classificatory Botany is termed Systematic
Botany. Moreover, as we have already seen, Classifica-
tion can never be an arbitrary process, but always implies
some natural connexion among the objects of the same
class; for if this did not exist, the classes could not be
made the subjects of any true assertion. Yet though
the classes of phenomena which our system acknowledges
must be such as already exist in nature, the discovery of
these is, for the most part, very far from obvious or easy.
To detect the true principles of natural classes, and to
select marks by which these may be recognised, are steps
which require genius and good fortune, and which fall to
the lot only of the most eminent persons in each science.
In the History, I have pointed out Werner, William
Smith, and Cuvier, as the three great authors of Sys.
tematic Geology of Europe. The mode of classifying the
materials of the earth’s surface which was found, by these
philosophers, fitted to enunciate such general facts as
came under their notice, was to consider the rocks and
other materials as divided into successive layers or strata,
superimposed one on another, and variously inclined and
broken. The German geologist distinguished his strata
for the most part by their mineralogical character; the
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other two by the remains of animals and plants which the
rocks contained. After a beginning had thus been made
in giving a genuine scientific form to phenomenal geology,
other steps followed in rapid succession, as has already
been related in the History*. The Classification of the
Strata was fixed by a suitable nomenclature. Attempts
were made to apply to other countries the order of strata
which had been found to prevail in that first studied:
and in this manner it was ascertained what rocks in
distant regions are the synonyms, or equivalentst, of each
other. The knowledge thus collected and systematized
was exhibited in the form of geological maps.

Moreover, among the phenomena of geology we have
Laws of nature as well as Classes. The general form of
mountain chains; the relations of the direction and incli-
nation of. different chains to each other; the general
features of mineral veins, faults, and fissures; the preva-
lent characters of slaty cleavage ;—were the subjects of
laws established, or supposed to be established, by exten-
sive observation of facts. In like manner the organic
fossils discovered in the strata were found to follow
certain laws with reference to the climate which they
appeared to have lived in; and the evidence which they
gave of a regular zoological development. And thus by
the assiduous labours of many accomplished and active
philosophers, Descriptive or Phenomenal Geology was
carried towards a state of completeness.

6. Phenomenal Uranography.—1In like manner in
other paltiological researches, as soon as they approach
to an exact and scientific form, we find the necessity of
constructing in the first place a science of classification
and exact description, by means of which the pheno-
mena may be correctly represented and compared ; and of

* Hist, Ind. 8., iii., 627. + Ib,, iii., 532.
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obtaining by this step a solid basis for an inquiry into the
causes which have produced them. Thus the Pal@tiology
of the solar system has, in recent times, drawn the atten-
tion of speculators; and a hypothesis has been started,
that our sun and his attendant planets have been produced
by the condensation of a mass of diffused matter, such as
that which constitutes the nebulous patches which we
observe in the starry heavens. But the sagest and most
enlightened astronomers have not failed to acknowledge,
that to verify or to disprove this conjecture, must be the
work of many ages of observation and thought. They
have perceived also that the first step of the labour re-
quisite for the advancement of this portion of science must
be to obtain and to record the most exact knowledge at
present within our reach, respecting the phenomena of
these nebule, with which we thus compare our own system;
and, as a necessary element of such knowledge, they have
seen the importance of a classification of these objects,
and of others, such as Double Stars, of the same kind.
Sir William Herschel, who first perceived the bearing of
the phenomena of nebule upon the history of the solar
system, made the observation of such objects his business,
with truly admirable zeal and skill; and in the account
of the results of his labours, gave a classification of Ne-
bule; separating them into, first, Clusters of Stars; second,
Resolvable Nebule; third, Proper Nebule; fourth, Pla~
netary Nebule; fifth, Stellar Nebule ; sixth, Nebulous
Stars*. And since, in order to obtain from these remote
appearances, any probable knowledge respecting our own
system, we must discover whether they undergo any
changes in the course of ages, he devoted himself to the
task of forming a record of their number and appearance
in his own time, that thus the astronomers of succeeding

* Piil. Trans., 1786 and 1789, and Sir J. HERscHRL's Astronomy,
Art. 616.



106 PHILOSOPHY OF PALXTIOLOGY.

generations might have a definite and exaoct standard
with which to compare their observations. Still, this
task would have been executed only for that part of the
heavens which is visible in this country, if this Hippar-
chus of the Nebule and Double Stars had not left behind
him a son who inherited all his father’s zeal and more
than his father’s knowledge. Sir John Herschel in
1833 went to the Cape of Good Hope to complete what
Sir William Herschel left wanting; and in the course of
five years observed with care all the nebule and double
stars of the Southern hemisphere. This great Herschelian
Swrvey of the Heavens, the completion of which is the
noblest monument ever erected by a son to a father, must
necessarily be, to all ages, the basis of all speculations
concerning the history and origin of the solar system;
and has completed, so far as at present it can be com-
pleted, the phenomenal portion of Astronomical Pale-
tiology.

6. Phenomenal Geography of Plants and Animals.—
Again, there is another Palmtiological Science, closely
connected with the speculations forced upon the geolo-
gist by the organic fossils which he discovers imbedded
in the strata of the earth ;—namely, the Science which
has for its object the Causes of the Diffusion and Distri-
bution of the various kinds of Plants and Animals. And
this soience also has for its first portion and indispensable
foundation a description and classification of the existing
phenomena. Such portions of science have recently been
cultivated with great zeal and success, under the titles of
the Geography of Plants, and the Geography of Animals.
And the results of the inquiries thus undertaken have
assumed a definite and scientific form by leading to a
division of the earth’s surface into a certain number of
botanical and zoological Provinces, each province occupied
by its own peculiar vegetable and animal population.
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Wae find, too, in the course of these investigations, various
general laws of the phenomena offered to our notices
such, for instance, as this:—that the difference of the
animals originally occupying each province, which is clear
and entire for the higher orders of animals and plants,
becomes more doubtful and indistinct when we descend
to the lower kinds of organisations; as Infusoria and
Zoophytes* in the animal kingdom, Grasses and Mosses
among vegetables. Again, other laws discovered by
those who have studied the geography of plants are
these :—that countries separated from each other by wide
tracts of sea, as the opposite shores of the Mediterranean,
the islands of the Indian and Pacific Oceans, have usually
much that is common in their vegetation :—and again,
that in parallel climates, analogous tribes replace each
other. It would be easy to adduce other laws, but those
already stated may serve to show the great extent of the
portions of knowledge which have just been mentioned,
even considered as merely Sciences of Phenomena.

7. Phenomenal Glossology.—It is not my purpose in
the present work to borrow my leading illustrations from
any portions of knowledge but those which are ‘concerned
with the study of material nature; and T shall, therefore,
not dwell upon a branch of research, singularly interest-
ing, and closely connected with the one just mentioned,
but dealing with relations of thought rather than of
things;—I mean the Paletiology of Language;—the
theery, so far as the facts enable us to form a theory, of
the causes which have led to the resemblances and differ-
ences of human speech in various regions and various
ages. This, indeed, would be only a portion of the study
of the history and origin of the diffusion of animals, if we
were to include man among the animals whose dispersion

* PRrICHARD, Researches into the Physical History of Mankind,
i. 55, 28.
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we thus investigate; for language is one of the most
clear and imperishable records of the early events in the
career of the human race. But the peculiar nature of
the faculty of speech, and the ideas which the use of it
involves, make it proper to treat Glossology as a distinct
science. And of this science, the first part must neces-
sarily be, as in the other sciences of this order, a classifi-
cation and comparison of languages, governed in many
respects by the same rules, and presenting the same diffi-
culties, as other sciences of classification. Such, accord-
ingly, bas been the procedure of the most philosophical
glossologists. They have been led to throw the languages
of the earth into certain large classes or families, accord-
ing to various kinds of resemblance; as the Semitic
family, to which belong Hebrew, Arabic, Chaldean,
Syrian, Pheenician, Ethiopian, and the like; the Jndo-
Ewropean, which includes Sanskrit, Persian, Greek, Latin,
and German ; the Monosyllabic languages, Chinese, Tibe-
tan, Birman, Siamese; the Polysynthetic languages, a
class including most of the North-American Indian
dialects; and others. And this work of classification
has been the result of the labour and study of many very
profound linguists, and has advanced gradually from step
to step. Thus the Indo-European family was first formed
on an observation of the coincidences between Sanskrit,
Greek, and Latin; but it was soon found to include the
Teutonic languages, and more recently Dr. Prichard*
has shown beyond doubt that the Celtic must be included
in the same family. Other general resemblances and
differences of languages have been marked by appropriate
terms: thus August von Schlegel has denominated
them synthetical and analytical, according as they form
their conjugations and declensions by auxiliary verbs and

* Dg. PricHARD, On the Eastern Origin of the Celtic Nations.
1831.
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prepositions, or by changes in the word itself: and the
polysynthetic languages are so named by M.Duponceau,
in consequence of their still more complex mode of
inflexion. Nor are there wanting, in this science also,
general laws of phenomena; such, for instance, is the
curious rule of the interchange of consonants in the
cognate words of Greek, Gothic, and German, which has
been discovered by James Grimm. All these remark-
able portions of knowledge, and the great works which
have appeared on Glossology, such, for example, as the
Mithridates of Adelung and Vater, contain, for their
largest, and bitherto probably their most valuable part,
the phenomenal portion of the science, the comparison of
languages as they now are. And beyond all doubt,
until we bave brought this comparative philology to a
considerable degree of completeness, all our speculations
respecting the causes which bave operated to produce
the languages of the earth must be idle and unsubstantial
dreams.

Thus in all Paletiological Sciences, in all attempts to
trace back the history and discover the origin of the pre-
sent state of things, the portion of the science which
must first be formed is that which classifies the pheno-
mena, and discovers general laws prevailing among them.
‘When this work is performed, and not till then, we may
begin to speculate successfully concerning causes, and to
make some progress in our attempts to go back to an
origin. We must have a Phenomenal science preparatory
to each &'tiological ome.

8. The Study of Phenomena leads to Theory.—As we
have just said, we cannot, in any subject, speculate suc-
cessfully concerning the causes of the present state of
things, till we have obtained a tolerably complete and
systematic view of the phenomena. Yet in reality men
have not in any instance waited for this completeness
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and system in their knowledge of facts before they have
begun to fogm theories. Nor was it natural, considering
the speculative propensities of the human mind, and how
incessantly it is endeavouring to apply the Idea of Cause,
that it should thus restrain itself. I have already noticed
this in the History of Geology. “ While we have been
giving an account,” it is there said, « of the objects with
which Descriptive Geology is oceupied, it must have been
felt how difficult it is, in contemplating such facts, to
confine ourselves to description and classification. Con-
jectures and reasonings respecting the causes of the phe-
nomena force themselves upon us at every step; and
even influence our classification and nomenclature. Our
Descriptive Geology impels us to construct a Physical
Geology.” And the same is the case with regard to the
other subjects which I have mentioned. The mere con-
sideration of the different degrees of condensation of dif-
ferent nebule led Herschel and Laplace to the hypothesis
that our solar system is a condensed nebula. Immediately
upoh the division of the earth’s surface into botanical and
zoological provinces, and even at an earlier period, the
opposite hypotheses of the origin of all the animals of
each kind from a single pair, and of their original diffusion
all over the earth, were under discussion. And the con-
sideration of the families of languages irresistibly led to
speculations concerning the families of the earliest human
inhabitants of the earth. In all cases the contemplation
of a very few phenomena, the discovery of a very few
steps in the history, made men wish for and attempt
to form a theory of the history from the very beginning
‘of things.

9. No sound Theory without tiology.—But though
man is thus impelled by the natural propensities of his
intellect to trace each order of things to its causes,
he does not at first discern the only sure way of
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obtaining such knowledge: he does not suspect how
much labour and how much method are requisite for suce
cess in this undertaking: he is not aware that for each
order of phenomena he must construct, by the accumu-
lated results of multiplied observation and distinct
thought, a separate ZAtiology. Thus, as I have elsewhere
remarked *, when men had for the first time become ac-
quainted with some of the leading phenomena of Geology,
and had proceeded to speculate concerning the past
changes and revolutions by which such results had been
produced, they forthwith supposed themselves able to
judge what would be the effects of any of the obvious
agents of change, as water or volcanic fire. It did not
at first occur to them to suspect that their common and
extemporaneous judgment on such points was by no
means sufficient for sound knowledge. They did not
foresee that, before they could determine what share these
or any other causes had had in producing the present con~
dition of the earth, they must create a special science
whose object should be to estimate the general laws and
effects of such assumed causes:—that before they could
obtain any sound Geological Theory, they must carefully
cultivate Geological Atiology.

The same disposition to proceed immediately from
the facts to the theory, without constructing, as an inter-
mediate step, a science of Causes, might be pointed out
in the other sciences of this order. But in all of them
this error has been corrected by the failures to which it
led. It soon appeared, for instance, that a more careful
inquiry into the effects which climate, food, habit and
circumstances can produce in animals was requisite in
order to determine how the diversities of animals in
different countries have originated. The Ztiology of
Animel Life (if we may be allowed to give this name to

* Hist, Ind. Sct., iii. 548.
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that study of such causes of change which is at present
so zealously cultivated, and which yet has no distinctive
designation,) is now perceived to be a necessary portion of
all attempts to construct a history of the earth and its
inhabitants.

10. Cause in Pakctwlogy —We are thus led to con-
template a class of sciences which are commenced with
the study of Causes. We have already considered sci-
ences which depended mainly upon the Idea of Cause,
namely, the Mechanical Sciences. But it is obvious that
the Idea of Cause in the researches now under our con-
sideration must be employed in a very different way from
that in which we applied it formerly. Force is the cause
of motion, becduse force at all times and under all cir-
cumstances, if not counteracted, produces motion; but
the cause of the present condition and elevation of the
Alps, whatever it was, was manifested in a series of
events of which each happened but once, and occupied
its proper place in the series of time. The former is
mechanical, the latter hkistorical, cause. In our present
investigations, we consider the events which we contem-
plate, of whatever order they be, as forming a chain which
is extended from the beginning of things down to the
present time ; and the causes of which we now speak are
those which connect the successive links of this chain.
Every occurrence which has taken place in the history of
the solar system, or the earth, or its vegetable and animal
creation, or man, has been at the same time effect and
cause ;—the effect of what preceded, the cause of what
succeeded. By being effect and cause, it has occupied
some certain portion of time; and the times which have
thus been occupied by effects and causes, summed up
and taken all together, make up the total of Past Time.
The Past has been a series of events connected by this
historical causation, and the Present is the last term of
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this series. The problem in the Paletiological Sciences,
with which we are here concerned, is, to determine the
manner in which each term is derived from the pre-
ceding, and thus, if possible, to calculate backwards to
the origin of the series.

11. Various kinds of Cause—Those modes by which
one term in the natural series of events is derived from
another, the forms of historical causation, the kinds of
connexion between the links of the infinite chain of time,
are very various; nor need we attempt to enumerate them.
But these kinds of causation being distinguished from
each other, and separately studied, each becomes the
subject of a separate Atiology. Thus the causes of
change in the earth’s surface, residing in the elements,
fire and water, form the main subject of Geological Atio-
logy. The Atiology of the vegetable and animal king-
doms investigates the causes by which the forms and dis-
tribution of species of plants and animals are affected.
The study of causes in Glossology leads to an Altiology
of Language, which shall distinguish, analyse, and estimate
the causes by which certain changes are produced in the
languages of nations; in like manner we may expect to
have an Atiology of Art, which shall scrutinize the influ-
euces by which the various forms of art have each given
birth to its successor: by which, for example, there have
been brought into being those various forms of architec-
ture which we term Egyptian, Dorie, Ionic, Roman,
Byzantine, Romanesque, Gothic, Italian, Elizabethan. It
is easily seen by this slight survey how manifold and
diverse are the kinds of cause which the Paletiological
Sciences bring under our consideration. But in each of
those sciences we shall obtain solid and complete systems
of knowledge, only so far as we study, with steady thought
and careful observation, that peculiar kind. of cause which

is appropriate to the phenomena under our consideration.
VOL. II I
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12. Hypothetical Order of Paletiological Causes.—
The various kinds of historical cause are not only con-
nected with each other by their common bearing upon
the historical sciences, but they form a kind of progression
which we may represent to ourselves as having acted in
succession in the hypothetical history of the earth and its
inhabitants. Thus assuming, merely as a momentary
hypothesis, the origin of the solar system by the conden-
sation of a nebula, we have to contemplate, first, the
causes by which the luminous incandescent diffused mass
of which a nebula is supposed to be constituted, is gra-
dually condensed, cooled, collected into definite masses,
solidified, and each portion made to revolve about its
axis, and the whole to travel about another body. We
have no difficulty in ascribing the globular form of each
mass to the mutual attraction of its particles: but
when this form was once assumed and covered with a
solid crust, are there, we may ask, in the constitution of
such a body, any causes at work by which the crust
might be again broken up and portions of it displaced,
and covered with other matter? Again, if we can thus
explain the origin of the earth, can we with like success
account for the presence of the atmosphere and the
waters of earth and ocean? Supposing this done, we
have then to consider by what causes such a body could
become stocked with vegetable and animal life; for
there have not been wanting persons, extravagant spe-
culators, no doubt, who have conceived that e¢ven this
event in the history of the world might be the work
of natural causes. Supposing an origin given to life
upon our earth, we have then, brought before us by
geological observations, a series of different forms of
vegetable and animal existence; occurring in different
strata, and, as the phenomena appear irresistibly to
prove, existing at successive periods: and we are com-
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pelled to inquire what can have been the causes by
which the forms of each period have passed into those of
the next. We find, too, that strata, which must have
been at first horizontal and continuous, have undergone
enormous dislocations and ruptures, and we have to con-
gider the possible effect of aqueous and volcanic causes
to produce such changes in the earth’s crust. We are
thus led to the causes which have produced the present
state of things on the earth; and these are causes to
which we may hypothetically ascribe, not only the form
and position of the inert materials of the earth, but also
the nature and distribution of its animal and vegetable
population. Man too, no less than other animals, is
affected by the operation of such causes as we have re-
ferred to, and must, therefore, be included in such specu-
lations. But man’s history only begins, where that of
other animals ends, with his mere existence. They are
stationary, he is progressive. Other species of animals
once brought into being, continue the same through all
ages ; man is changing, from age to age, his language, his
thoughts, his works. Yet even these changes are bound
together by laws of causation; and these causes too may
Become objects of scientific study. And such causes,
though not to be dwelt upon now, since we permit our-.
selves to found our philosophy upon the material sciences
only, must still, when treated scientifically, fall within
the principles of our philosophy, and must be governed
by the same general rules to which all science is subject.
And thus we are led by a close and natural connexion,
through a series of causes, from those which regulate the
imperceptible changes of the remotest nebule in the
heavens, to those which determine the diversities of
language, the mutations of art, and even the progress of
civilization, polity, and literature.

While I have been speaking of this supposed series

12



116 PHILOSOPHY OF PALZETIOLOGY.

of events, including in its course the formation of the
earth, the introduction of animal and vegetable life, and
the revolutions by which one collection of species has
succeeded another, it must not be forgotten, that though
I have thus hypothetically spoken of these events as
occurring by force of natural causes, this has been done
only that the true efficacy of such causes might be
‘brought under our consideration and made the subject of
scientific examination. It may be found, that such oc-
currences as these are quite inexplicable by the aid of any
natural causes with which we are acquainted; and thus
the result of our investigations, conducted with strict
regard to scientific principles, may be, that we must either
contemplate supernatural influences as part of the past
series of events, or declare ourselves altogether unable to
form this series into a connected chain.

18. Mode of Cultivating Etiology :—In Geology.—
In what manner, it may be asked, is Atiology, with
regard to each subject such as we have enumerated, to be
cultivated? In order to answer this question, we must,
according to our method of proceeding, take the most
suocessful and complete examples which we possess of
such portions of science. But in truth, we can as yet
refer to few examples of this kind. In Geology, it is
only very recently, and principally through the example
and influence of Mr. Lyell, that the Atiology has been
detached from the descriptive portion of the science;
and cultivated with direct attention: in other sciences
the separation has hardly yet been made. But if we
examine what has already been done in Geological Atio-
logy, -or as in the History it is termed, Geological
Dynamics, we shall find a number of different kinds of
investigation which, by the aid of our general principles
respecting the formation of scieuces, may suffice to sup-
ply very useful suggestions for Atiology in general.
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In Geological Aitiology causes have been studied, in
many instances, by attending to their action in the phe-
nomena of the present state of things, and by inferring
from this the nature and extent of the action which they
may have exercised in former times. This has been
done, for example, by Von Hoff, Mr. Lyell and others,
with regard to the operations of rivers, seas, springs,
glaciers, and other aqueous causes of change. Again,
the same course has been followed by the same philoso-
phers with respect to volcanos, earthquakes, and other
violent agents. Mr. Lyell has attempted to show, too,
~ that there take place, in our own time, not only violent
agitations, but slow motions of parts of the earth’s crust,
of the same kind and order with those which have assisted
in producing all anterior changes.

But while we thus seek instruction in the phenomena
of the present state of things, we are led to the question,
‘What are the limits of this present period? For instance,
among the currents of lava which we trace as part of the
shores of Italy and Sicily, which shall we select as belong-
ing to the existing order of things? In going backwards
in time, where shall we draw the line? and why at such
particular point? These questions are important, for our
estimate of the efficacy of known causes will vary with the
extent of the cffects which we ascribe to them. Hence
the mode in which we group together rocks is not only a
step in geological classification, but is also important to
Atiology. Thus when the vast masses of trap rocks in
the Western Isles of Scotland and in other countries,
which had been maintained by the Wernerians to be of
aqueous origin, were, principally by the sagacity and
industry of Macculloch, identified as to their nature with
the products of recent volcanos, the amount of effect
which might justifiably be ascribed to volcanic agency
was materially extended.
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In other cases, instead of observing the current effects
of our geological causes, we have to estimate the results
from what we know of the causes themselves; as when,
with Herschel, we calculate the alterations in the tem-
perature of the earth which astronomical changes may
possibly produce; or when, with Fourier, we try to cal-
culate the rate of cooling of the earth’s surface, on the
hypothesis of an incandescent central mass. In other
cases, again, we are not able to calculate the effects of
our causes rigorously, but estimate them as well as we
can, partly by physical reasonings, and partly by compa-
rison with such analogous cases as we can find in the
present state of things. Thus Mr. Lyell infers the change
of climate which would result if land were transferred
from the neighbourhood of the poles to that of the
equator, by reasonings on the power of land and water to
contain and communicate heat, supported by a reference
to the different actual climates of places under the same
latitude, but under different conditions as to the distribu-
tion of land and water. '

Thus our Altiology is constructed partly from calcu-
lation and reasoning, partly from phenomena. But we
may observe that when we reason from phenomena to
causes; we usually do so by various steps ; often ascending
from phenomena to mere laws of phenomena, before we
can venture to connect the phenomenon confidently with
its cause. Thus the law of subterranean heat, that it

“increages in descending below the surface, is now well
established, although the doctrine which ascribes this
effect to a central heat is not universally assented to.

14. In the Geography of Plants and Animals—We
may find in other subjects also, considerable contributions
towards Atiology, though not as yet a complete system
of science. The ZAtiology of vegetables and animals,
indeed, has been studied with great zeal in modern times,
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as an essential preparative to geological theory; for how
can we decide whether any assumed causes have produced
the succession of species which we find in the earth’s
strata, except we know what effect of this kind given
causes can produce? Accordingly, we find in Mr.
Lyell’s Treatise on Geology the most complete discussion
of such questions as belong to these subjects:—for ex-
ample, the question whether species can be transmuted
into other species by the long continued influence of
external causes, as climate, food, domestication, combined
with internal causes, as habits, appetencies, progressive
tendencies. £'We may observe, too, that as we have
brought before us the inquiry what change difference of
climate can produce in any species, we have also the
inverse problem, how far a different development of the
species, or a different collection of species, proves a differ-
ence of climate. In the same way, the geologist of othe
present day considers the question, whether, in virtue of
causes now in action, species are from time to time extin-
guished ; and in like manner the geologists of an earlier
perioddiscussed the question, nowlong completelydecided
whether fossil species in general are really extinct species.
15. In Languages—Even with reference to the Aitio-
logy of language, although this branch of science has
hardly been considered separately from the glossological
investigations in which it is employed or assumed to be
employed, it might perhaps be possible to point out
causes or conditions of change which, being general in
their nature, must operate upon all languages alike.
Changes made for the sake of euphony when words are
modified and combined, occur in all dialects. Who can
doubt that such changes of consonants as those by which
the Greek roots become Gothic, and the Gothic, German,
bave for their cause some general principle in the pronun-
ciation of each language? Again, we might attempt to
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decide other questions of no small interest. Have the
terminations of verbs arisen from the accretion of pro-
nouns; or, on the other hand, does the modification of a
verb imply a simpler mental process than the insulation
of a pronoun, as Adam Smith has maintained? Again,
when the language of a nation is changed by the invasion
and permanent mixture of an enemy of different speech,
is it generally true that it is changed from a synthetic to
an analytical structure? I will mention only one more
of these wide and general glcssological inquiries. Is it
true, as Dr. Prichard has suggested ¥, that languages have
become more permanent as we come down towards later
times? May we justifiably suppose, with him, that in the
very earliest times, nations, when they had separated from
one stock, might lose all traces of this common origin
out of their languages, though retaining strong evidences
of it in their mythology, social forms, and arts, as appears
to De the case with the ancient Egyptians and the
Indianst? ‘

- Large questions of this nature cannot be treated pro-
fitably in any other way than by an assiduous study of
the most varied forms of living and dead languages. But
on the other haud, the study of languages should be pro-
secuted not only by a direct comparison of one with
another, but also with a view to the formation of a science
of causes and general principles, embracing such discus-
sions as I have pointed out. It is only when such a
science has been formed, that we can hope to obtain any
solid and certain results in the Paletiology of language;
—to determine, with any degree of substantial proof,
what is the real evidence which the wonderful faculty of
speech, under its present developments and forms, bears to
the events which have taken place in its own history, and
in the history of man since his first origin.

* Researches, ii. 221. ' + Ib., ii. 192.
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16. Construction of Theories—When we have thus
obtained, with reference to any such subject as those we
-have here spoken of, these two portions of science, a
systematic description of the facts, and a rigorous analysis
of the causes,—the Phenomenology and the 4tiology of the
subject,—we are prepared for the third member which
completes the science, the Theory of the actual facts.
We can then take a view of the events which really have
happened, discerning their connexion, interpreting their
evidence, supplying from the context the parts which are
unapparent. - We can account for known facts by intelli-
gible causes, we can infer latent facts from manifest
effects, so as to obtain a distinct” insight into the whole
history of events up to the present time, and to see the
last result of the whole in the present condition of things.
The term Theory, when rigorously employed in such
sciences as those which we here consider, bears nearly the
sense which I have adopted: it implies a consistent and
systematic view of the actual facts, combined with a true
apprehension of their connexion and causes. Thus if we
“speak of a Theory of Mount Etna, or a Theory of the
Paris Basin, we mean a connected and intelligible view
of the events by which the rocks in these localities have
come into their present condition. Undoubtedly the
term Theory has often been used in a looser sense; and
men have put forth Zheories of the Earth, which, instead
of including the whole mass of actual geological facts and
their causes, only assigned, in a vague manner, some
causes by which some few phenomena might, it was con-
ceived, be accounted for. Perhaps the portion of our
Palatiological Sciences which we now wish to designate,
would be more generally understood if we were to describe
it as Theoretical or Philosophical History; as when we
talk of the Theoretical History of Architecture, or the
Philosophical History of Language. And in the same
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manner we might speak of the Theoretical History of the
Animal and Vegetable Kingdoms; meaning, a distinct
account of the events which have produced the present
distribution of species and families. But by whatever
phrase we describe this portion of science, it is plain that
such a Theory, such a Theoretical History, must result
from the application of causes well understood to facts
well ascertained. And if the term Z%eory be here em-
ployed we must recollect that it is to be understood, not
in its narrower sense as opposed to facts, but in its wider
signification, as including all known facts and differing
from them only in introducing among them principles of
intelligible connexion. The Theories of which we now
speak are true Theories, precisely because they are
identical with the total system of the Facts.

17. No sound Paletiological Theory yet extant.—Ilt is
not to disparage the present state of science to say that
as yet no such theory exists on any subject. “Theories
of the Earth” have been repeatedly published ; but when
we consider that even the facts of geology have been
observed only on a small portion of the earth’s surface,
and even within those narrow bounds very imperfectly
studied, we shall be able to judge how impossible it is
that geologists should have yet obtained a well-established
Theoretical History of the changes which have taken
place in the crust of the terrestrial globe from its first
origin. Accordingly, I have ventured in my History
to designate the most prominent of the Theories which
have hitherto prevailed as premature geological theories®:
and we shall soon see that geological theory has not
advanced beyond a few conjectures, and that its culti-
vators are at present mainly occupied with a controversy
in which the two extreme hypotheses which first offer
themselves to men’s minds are opposed to each other.

* Hist. Ind. 8ci., iii. 603.
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And if we have no theoretical history of the earth which
merits any confidence, still less have we any theoretical
History of Language, or of the Arts, which we can con-
sider as satisfactory. The Theoretical History of the
Vegetable and Animal Kingdoms is closely connected
with that of the earth on which they subsist, and must
follow the fortunes of geology. And thus we may ven-
ture to say that no Palwtiological Science, as yet, pos-
sesses all its three members. Indeed most of them are
very far from having completed and systematized their
Phenomenology: in all, the cultivation of Atiology is
but just begun, or is not begun; in all, the Theory must
reward the exertions of future, probably of distant, gene-
rations,

But in the mean time we may derive some instruction
from the comparison of the two antagonist hypotheses of
which I have spoken.

CuartER III.

OF THE DOCTRINE OF CATASTROPHES AND THE
DOCTRINE OF UNIFORMITY.

1. Doctrine of Catastrophes.—1 have already shown,
in the History of Geology, that the attempts to frame a
.theory of the earth have brought into view two com-
pletely opposite opinions:—one, which represents the
course of nature as uniform through all ages, the causes
which produce change having had the same intensity in
former times which they have at the present day;—the
other opinion, which sees in the present condition of
things evidences of catastrophes; changes of a more sweep-
ing kind, and produced by more powerful agencies than
those which occur in recent times. Geologists who held
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the latter opinion, maintained that the forces which have
elevated the Alps or the Andes to their present height
could not have been any forces which are now in action :
they pointed to vast masses of strata hundreds of miles
long, thousands of feet thick, thrown into highly-inclined
positions, fractured, dislocated, crushed: they remarked
that upon the shattered edges of such strata they found
enormous accumulations of fragments and rubbish,
rounded by the action of water, so as to denote ages of
violent aqueous action: they conceived that they saw
instances in which whole mountains of rock in a state of
igneous .fusion, must have burst the earth’s crust from
below : they found that in the course of the revolutions
by which one stratum of rock was placed upon another,
the whole collection of animal species which tenanted
the earth and the seas had been removed, and a new set
of living things introduced in its place: finally, they
found above all the strata vast masses of sand and gravel
containing bones of animals, and apparently the work of
a mighty deluge. With all these proofs before their eyes
they thought it impossible not to judge that the agents
of change by which the world was urged from one con-
dition to another till it reached its present state must
have been more violent, more powerful, than any which
we see at work around us. They conceived that the
evidence of “ catastrophes ” was irresistible.

2. Doctrine of Uniformity.—1 need not here repeat
the narrative (given in the History®*) of the process by
which this formidable array of proofs was, in the minds
of some eminent geologists, weakened, and at last over-
come. This was done by showing that the sudden breaks
in the succession of strata were apparent only, the dis-
continuity of the series which occurred in one country
being removed by terms interposed in another locality:

* Hist, Ind. Sci., iii. 612
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by urging that the total effect produced by existing
causes, taking into account the accumulated result of
long periods, is far greater than a casual speculator would
think possible: by making it appear that there are in
many parts. of the world evidences of a slow and imper-
ceptible rising of the land since it was the habitation of
now existing species: by proving that it is not univer-
sally true that the strata separated in time by supposed
catastrophes contain distinct species of animals: by
pointing out the limited fields of the supposed diluvial
action: and finally, by remarking that though the creation
of species is a mystery, the extinction of them is going on
in our own day. Hypotheses were suggested, too, by
which it was conceived that the change of climate might
be explained, which, as the consideration of the fossil
remains seemed to show, must have taken place between
the ancient and the modern times. In this manner the
whole evidence of catastrophes was explained away: the
notion of a series of paroxysms of violence in the causes
of change was represented as a delusion arising from our
contemplating short periods only in the action of present
causes: length of time was called in to take the place of
intensity of force: and it was declared that geology need
not despair of accounting for the revolutions of the earth,
as astronomy accounts for the revolutions of the heavens,
by the universal action of causes which are close at hand
to us, operating through time and space without variation
or decay.

An antagonism of opinions, somewhat of the same
kind as this, will be found to manifest itself in the other
Palatiological Sciences as well as in Geology; and it will
be instructive to endeavour to balance these opposite
doctrines. I will meéntion some of the considerations
which bear upon the subject. ;

8. Is Uniformity probable @ priori >—The doctrine of
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Uniformity in the course of nature has sometimes been
represented by its adherents as possessing a great degree
of a@ priori probability. It is highly unphilosophical, it
bas been urged, to assume that the causes of the geolo-
gical events of former times were of a different kind from
causes now in action, if causes of this latter kind can in
any way be made to explain the facts. The analogy of
all other sciences compels us, it was said, to explain phe-
nomena by known, not by unknown, causes. And on
these grounds the geological teacher recommended * « an
earnest and patient endeavour to reconcile the indications
of former change with the evidence of gradual mutations
now in progress.”

But on this we may remark, that if by Anown causes
we mean causes acting with the same intensity which
they have had during historical times, the restriction is
altogether arbitrary and groundless. Let it be granted,
for instance, that many parts of the earth’s surface are
now undergoing an imperceptible rise. It is not pre-
tended that the rate of this elevation is rigorously uni-
form ; what, then, are the limits of its velocity? Why may
it not increase so as to assume that character of violence
which we may term a catastrophe with reference to all
changes hitherto recorded? Why may not the rate of
elevation be such that we may conceive the strata to
assume suddenly a position nearly vertical? and is it, in
fact, easy to conceive a position of strata nearly vertical,
a position which occurs so frequently, to be gradually
assumed? In cases where the strata are nearly vertical,
as in the Isle of Wight, and hundreds of other places, or
where they are actually inverted, as sometimes occurs, are
not the causes which have produced the effect as truly
known causes, as those which have raised the coasts where
we trace the former beach in an elevated terrace? If

* LyrLy, b. iv. o. 1, p. 328,
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the latter case proves slow elevation, does not the former
case prove rapid elevation? In neither case have we any
measure of the time employed in the change; but does
not the very nature of the results enable us to discern,
that if one was gradual, the other was comparatively
sudden ?

The causes which are now elevating a portion of
Scandinavia can be called known causes, only because we
know the gffect. Are not the causes which have elevated
the Alps and the Andes known causes in the same sense?
We know nothing in either case which confines the
intensity of the force within any limit, or prescribes to it
any law of uniformity. Why, then, should we make a
merit of cramping our speculations by such assumptions?
Whether the causes of change do act uniformly;—
whether they oscillate only within narrow limits ;—
whether their intensity in former times was nearly the
same as it now is;—these are precisely the questions
which we wish Nature to answer to us impartially and
truly: where is then the wisdom of “an earnest and
patient endeavour ” to secure an affirmative reply ?

Thus I conceive that the assertion of an a priors
claim to probability and philosophical spirit in favour of
the doctrine of uniformity, is quite untenable. 'We must
learn from an examination of all the facts, and not from
any assumption of our own, whether the course of nature
be uniform. The limit of intensity being really unknown,
catastrophes are just as probable as uniformity. If a
volcano may repose for a thousand years, and then break
out and destroy & city; why may not another volcano
repose for ten thousand years, and then destroy a con-
tinent; or if a continent, why not the whole habitable
surface of the earth ?

4. Cycle of Uniformity indefinite—But this argument
may be put in another form. When it is said that the
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course of nature is uniform, the assertion is not intended
to exclude certain smaller variations of violence and rest,
such as we have just spoken of ;—alternations of activity
and repose in volcanos; or earthquakes, deluges, and
storms, interposed in a more tranquil state of things.
With regard to such occurrences, terrible as they appear
at the time, they may not much affect the average rate
of change; there may be a cycle, though an irregular one,
of rapid and slow change; and if such cycles go on suc-
ceeding each other, we may still call the order of nature
uniform, notwithstanding the periods of violence which
"it involves. The maximum and minimum intensities of
the forces of mutation alternate with one another ; and we
may estimate the average course of nature as that which
corresponds to something between the two extremes.

But if we thus attempt to maintain the uniformity of
nature by representing it as a series of cycles, we find
that we cannot discover, in this conception, any solid
ground for excluding catastrophes. What is the length
of that cycle, the repetition of which constitutes uni-
formity? What interval from the maximum to the
minimum does it admit of? We may take for our cycle
a hundred or a thousand years, but evidently such a pro-
ceeding is altogether arbitrary. We may mark our cycles
by the greatest known paroxysms of volcanic and terre-
motive agency, but this procedure is no less indefinite
and inconclusive than the other. .

But further; since the cycle in which violence and
repose alternate is thus indefinite in its length and in its
range of activity, what ground have we for assuming
more than one such cycle, extending from the origin of
things to the present time? Why may we not suppose
the maximum force of the causes of change to have taken
place at the earliest period, and the tendency towards the
minimum to have gone on ever since? Or instead of
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only one cycle, there may have been several, but of such
length that our historical period forms a portion only of
the last ;—the feeblest portion of the latest cycle. And
thus violence and repose may alternate upon a scale of
time and intemsity so large, that man’s experience sup-
plies no evidence enabling him to estimate the amount.
The course of things is uniform, to an Intelligence which
can embrace the succession of several cycles, but it is
catastrophic to the contemplation of man, whose survey
can grasp a part only of one cycle. And thus the hypo-
thesis of uniformity, since it cannot exclude degrees of
change, nor limit the range of these degrees, nor define
the interval of their recurrence, cannot possess any essen-
tial simplicity which, previous to inquiry, gives'it a claim
upon our assent superior to that of the opposxte cata-
strophic hypothesis.

6. Uniformitarian Arguments are Negative only.—
There is an opposite tendency in the mode of maintaining
the catastrophist and the uniformitarian opinions, which
depends upon their fundamental principles, and shows
itself in all the controversies between them. The Cata-~
strophist is affirmative, the Uniformitarian is negative in
his assertions: the former is constantly attempting to
construct a theory; the latter delights in demolishing all
theories. The one is constantly bringing fresh evidence
of some great past event, or series of events, of a striking
and definite kind ; his antagonist is at every step explain-
ing away the evidence, and showing that it proves nothing.
One geologist adduces his proofs of a vast universal deluge;
but another endeavours to show that the proofs do not
establish either the universality or the vastness of such an
event. The inclined broken edges of a certain formation
covered with their own fragments beneath superjacent
horizontal deposits are at one time supposed to prove a
catastrophic breaking up of the earlier strata; but this

VOL. 1L K
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opinion is ¢ohtroverted by showing that the same fortaa-
‘tions, when pursued into other countries, exhibit & uni~
form gradation from the lower to the upper, with no
trace of violence. Extensive and lofty elevations of the
-coast; continents of igneous rock, at first appear to indi-
cate operations far more gigantic than those which now
occur; but attempts are soon made to show that time
only is wanting to enable the present age to rival the past
in the production of such changes. Each new fact ads
duced by the catastrophist is at first striking and appes
rently convincing; but as it becomes familiar, it strikes
the imagination less powerfully; and the uniformitarian,
constantly labouring to produce some imitation of it by

the machinery which he has so well studied, at last in -

avery case seems to himself to succeed, so far as to destroy
the effect of his opponent’s evidence.

. This is so with regard to more remote, as well as with
regard to immediate evidences of change. When it is
ascertained that in every part of the earth’s crust the
temperature increases as we descend below the surface,
at first this fact seems to indicate a central heat: and a
central heat naturally suggests an earlier state of the
mass, in which it was incandescent, and from which it is
now cooling. But this original incandescemce of the
globe of the earth is manifestly an entire violation of the
‘present course of things; it belongs to the catastrophist
view, end the advooates of uniformity have te explain it
away. Aucordingly, one of them holds that this inorease
of heat in descending below the surface may very possibly
not go on all the way to the centre. The heat which in-
oreases at first as we descend, may, he conceives, aftem
wards decrease; and he suggests causes which may have
produced such a succession of hotter and colder shells
within the mwss of the earth. I have mentioned this
suggestion in the History of Geology; and have given
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1y reasons for believing it altogether untenable®. ©Other-
persons also, desirons of reconciling this subterraneous
heat with the tenet of uniformity, have offered another
suggestion : —that the warmth or incandescence of the
interior parts of the earth does not arige out of an orf-
ginally hot condition from which it is gradually eooling,
but results from chemical action constantly going on
among the materials of the earth’s substance. And thus
new attempts are perpetually making, to escape from the
eogency of the reasonings which send us towards an ori-
ginal state of things different from the present. Thosa
who theorize concerning an origin go on building up the
fabric of their speculations, while those who think such
-theories unphilosephical, ever and anon dig away the
foundation of this structure. As we have already said, the-
uniformitarian’s doctrines are a collection of negatives.
This is so entirely the case, that the uniformitarian
would for the most part shrink from maintaining g8
positive tenets the explanations which he go willingly
uses as instruments of controversy. He puts forward his
suggestions as difficulties, but he will not stand by them
a8 doetrines. And this is in accordance with his general
tendency; for any of his hypotheses, if insisted upon 8s
positive theories, would be found ineonsistent with the
asgertion of uniformity. For example, the nebular hypo-
thesis appears to give to the history of the heavens en
aspect whieh obliterates all special acts of crestios,
for, aceording to that hypothesis, new planstary systems
are constantly forming; but when asserted as the origin_
of our own solar system, it brings with it an original
incandesoence, and an origin of the organic world. And
if, instead of using the chemical theory of subterraneous
‘heat to neutralige the evidence of original incandbscence,
‘'we assert it a8 a positive tenet, we ean no longer maine
* Hist, Ind. Sci., iii. 562, and note.
K 2
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tain the infinite past duration of the earth; for chemical
forces, as well as mechanical, tend to equilibrium; and
that condition once attained, their efficacy ceases. Che-
mical affinities tend to form new compounds; and though,
when many and various elements are mingled together,
the play of synthesis and analysis may go on for a long
time, it must at last end. If, for instance, a large por-
tion of the earth’s mass were originally pure potassium,
we can imagine violent igneous action to go on so long
as any part remained unoxidized ; but when the oxidation
of the whole has once taken place, this action must be
at an end; for there is in the hypothesis no agency
which can reproduce the deoxidized metal. Thus a per-
petual motion is impossible in chemistry, as it is in
mechanics; and a theory of constant change continued
through infinite time, is untenable when asserted upon
chemical, no less than upon mechanical principles. And
thus the scepticism of the uniformitarian is of force only
so long as it is employed against the dogmatism of the
catastrophist. When the doubts are erected into dogmas,
they are no longer consistent with the tenet of unifor-
mity. When the negations become aﬂirmatlons, the
negation of an ongm vanishes also.

8. Uniformity «n the Organic World.—In speakmg of
the violent and sudden changes which constitute cata-
strophes, our thoughts naturally turn at first to great
sechanical and physical effects;—ruptures and displace-
ments of strata; extensive submersions and emersions of
land; rapid changes of temperature. But the catastrophes
which we have to consider in geology affect the organic as
well as the inorganic world. The sudden extinction of one
collection of species, and the introduction of another in
their place, is a catastrophe, even if unaccompanied by
mechanicpl violence. Accordingly, the antagonism of
the catastrophist and uniformitarian school has shown

(S
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itself in this department of the subject, as well as in the,
other. When geologists had first discovered that the
successive strata are each distinguished by appropri-
ate organic fossils, they assumed at once that each of
these collections of living things belonged to a separate
creation. But this conclusion, as I have already said,
Mr. Lyell has attempted to invalidate, by proving that in
the existing order of things, some species become extinct;
and by suggesting it as possible, that in the same order it
may be true that new species are from time to time pro-
duced, even in the present course of nature.  And in
this, as in the other part of the subject, he calls in the
aid of vast periods of time, in order that the violence of
the changes may be softened down: ‘and he appears dis-
posed to believe tliat thé actual éxtinction and creation
of species may be so slow as to excite no more notice
than it has hitherto obfained; and yet may be rapid
enough, considering the immensity of geological periods,
to produce such a succession of different collections of
species as we find in the strata of the earth’s surface.’

7. Origin of the present Organic World—The last
great event in the history of .the vegetable and animal
kingdoms was that by which their various tribes were
placed in their present seats. And we may form vari-
ous hypotheses with regard to ‘the sudden or gradual
manner in which we may suppose-this' distribution to
bave taken place. We may assume that at the begin-
ning of the present order of thirigs, a stock of each species
was placed in the vegetable or animal province to which
it belongs, by some cause out of the commion order of
nature; or we may take a uniformitarian view of the
subject, and suppose that the provinces of the organic
world derived their population from some anterior state
of things by the operation of natural causes.

Nothing has been pointed out in the emtmgorder
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of things which has any analogy or resemblance, of any
valid kind, to that creative energy which must be exerted
in the production of & new species. And to assume the
introduction of new species as a part of the order of
nature, without pointing out any natural fact with which
such an event can be classed, would be to reject creation
by an arbitrary act. Hence, even on natural grounds, the
most intelligible view of the history of the animal and
vegetable kingdoms seerns to be, that each period whioh
is marked by a distinet colleetion of species forms a cyele ;
and that at the beginning of each such cycle a creative
power was exerted, of a kind to which there was nothing
at all analogous in the sueceeding part of the same cycle.
If it be urged that in some cases the same species, or the
same genus, runs through two geological formations, which
must, on other grounds, be referred to different cycles of
ereative energy, we may reply that the creation of many
new speocies does not imply the extinction of all the old
‘ones.

Thus we are led by our reasonings to this view, that
the present order of things was commenced by an act of
¢reative power entirely different to any agency which has
been exerted since. None of the influences which bave
modified the present races of animals and plants since
they were placed in their habitations on the earth’s sur-
fece can have had any efficacy in producing them at first.
We are necessarily driven to assume, a8 the beginning of
the present cycle of organic nature, an event not included
in the course of nature. And we may remark that this
necessity is the more cogent, precisely because other cycles
have. preceded the present.

. 8. Nobular Origin of the Solar System.—If we attempt
%0 apply the same antithesis of opinion (the doctrines of
catastrophe and umiformity,) to the other subjects of
paleetiplogical sciences, we shall be led to similar conclu-
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sions. Thus if we turn our attention to astronomieal
palmtiology, we perceive that the nebular hypothesis has
a uniformitarian tendency. According to this hypothesis.
the formation of this our system of sun, planets, and
satellites, was a process of the same kind as those which
are still going on in the heavens. One after another,
mebulee econdense into separate masses, which begin to
revolve about each other by mechanical necessity, and
form systems of which our solar system is & finished
example. But we may remark, that the uniformitarian
doctrine on this subject rests on most unstable founda~
tions. We have as yet only very vague and imperfeot
reasonings to show that by such condensation a maierial
system such as ours could vesult; and the introduction
of organized beings into such a material system is ytterly
out of the reach of our philogophy. Here again, there.
fore, we are led to regard the present order.of the world
a8 pointing towards am origin altogether of a different
kind from anything which our material science can grasp.

9. Origin of Languages—W e may venture tc say that
we should be led to the same conclusion onee more, if
we were to take into our consideration those paletiolow
gieal sciences which are beyond the domain of matter;
for instance, the history of langaages. We may expiain
many of the differences and changes which we becomse
scquainted with, by referring to the action of esuses. of
change which still operate. But what glossologist will
venture to declare that the effieacy of such camses has
been uniform; that ‘the influences which mould a lan-
‘guage, or make one language differ from others of the
same stock, operated formerly with no more efficaey than
they exereise mow.  Where,” as has elsewhere been
asked, “do we now find & langnage in the process of
formation, unfolding itself in inflexions, terminations,
changes of vowels by grammatieal relatione, sueh as che-
racterize the oldest known languages?” Again, as another
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proof how little the history of languages suggests to the
philosophical glossologist the persuasion of a uniform
action of the causes of change, I may refer to the
conjecture of Dr. Prichard, that the varieties of language
produced by the separation of one stock into several,
have been greater and greater as we go backwards in
history :—that * the formation of sister dialects from a
common language, (as the Scandinavian, German, and:
Saxon dialects from the Teutonic, or the Gaelic, Erse and
Welsh from the Celtic,) belongs to the first millennium
before the Christian era; while the formation of cognate
languages of the same family, as the Sanskrit, Latin, Greek
and Gothic, must be placed at least two thousand years
before that era; and at a still earlier period took place
the separation of the great families themselves, the Indo--
European, Semitic, and others, in which it is now diffi-
cult to trace the features of a common origin. No-
hypothesis except one of this kind will explain the exist-
ence of the families, groups, and dialects of languages,
which we find in existence. Yet this is an entirely dif-
ferent view from that which the hypothesis of the uniform
progress of change would give. And thus in the earliest:
stages of man’s career, the revolutions of language must
have been, even by the evidence of the theoretical his-.
tory of language itself, of an order altogether different
from any which have taken place within the recent
history of man. And we may add, that as the early
stages of the progress of language must bave been widely
different from those later ones of which we can in some
measure trace the natural causes, we cannot place the
origin of language in any point of view in which it comes
under the jurisdiction of natural causation at all.

10. No Natural Origin discoverable—We are thus led
by a survey of several of the paletiological sciences to a
confirmation of the principle formerly asserted}, That

* Researches, ii., 224. + Hist. Mnd. Sci., iii., 581.
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in no palatiological science has man been able to arrive
at a beginning which is homogeneous with the known
course of events. We can in such sciences often go very
far back ;—determine many of the remote circumstances
of the past series of events;—ascend to a point which
seems to be near the origin ;—and limit the hypotheses re-
specting the origin itself:—but philosophers never have
demonstrated, and, so far as we can judge, probably never
will be able to demonstrate, what was that primitive state
of things from which the progressive course of the world
took its first departure. In all these paths of research,
when we travel far backwards, the aspect of the earlier
portions becomes very different from that of the advanced
part on which we now stand ; but in all cases the path is
lost in obscurity as it is traced backwards towards its
starting point :—it becomes not only invisible, but unima-
ginable; it is not only an interruption, but an abyss,
which interposes itself between us and any intelligible
beginning of things. '

CHAPTER 1V.

OF THE RELATION OF TRADITION TO PALZA-
TIOLOGY.

1. Importance of Tradition—Since the Paletiological
Sciences have it for their business to study the train of
past events produced by natural causes down to the present
time, the knowledge concerning such events which is
supplied by the remembrance and records of man, in
whatever form, must have an important bearing upon
these sciences. All changes in the condition and extent
of land and sea, which bave taken place within man’s ob-
servation, all effects of deluges, sea~waves, rivers, springs,
volcanos, earthquakes, and the like, which come within
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the reach of human history, have a strong interest for
the paleetiologist. Norishe less concerned in all recorded
instances of the modification of the forms and habits of
plants and animals, by the operations of man, or by
transfer from one land to another. And when we come
to the Palwmtiology of Language, of Art, of Civilization,
we find our subject still more closely connected with
history; for in truth these are historical, no less than
paleetiological investigations. But, confining ourselves at
present to the material sciences, we may observe that
though the importance of the information which traditien
gives us, in the sciences now under our consideration, as,
for instance geology, has long been tacitly recognised; yet
it is only recently that geologists have employed themselves
in collecting their historical facts upon such a scale and
with such comprehensive views as are required by the
interest and use of collections of this kind. The Essay
of Von Hoft*, On the Natwral Alterations in the Swrface
of the Earth which are proved by Tradition, was the work
which first opened the eyes of geologists to the extent
and importance of this kind of investigation. Since that
time the same path -of reseanch has been pursued with
great perseverance by others, especially by Mr. Lyell;
and is now justly considered as an essential portion of
geology. i :

2. Comrexion of Tradition and Scienes.~—Events which
we might naturally expect to have some bearing on geo-
logy, are recorded in the historical writings which, even
on.mere human grounds, have the strongest claim to our
xrespect as records of the early history of the world, and
are confirmed by the traditions of various nations all over
the globe, namely, the formation of the earth and its
‘population, and a subsequent deluge. It has been made
- matter of controversy how the narrative of these events

* Vol. i., 1822; vol. ii., 1824.
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is to be understood, so as to make it agree with the facts
which an examination of the earth’s surface and of its
vegetable and animal population discloses to us. Sueh
controversies, when they are considered as merely archaeo-
logical, may occur in any of the paletiological sciences,
‘We may have to compare and to reconcile the evidence
of existing phenomena with that of historical tradition.
But under some circumstances this process of conciliation
may assume an interest of another kind, on which we
will make a few remarks.

3. Natural and Providential History of the World.—
We may contemplate the existence of man upon the
earth, his origin and his progress, in the same manner as
we contemplate the existence of any other race of ani-
mals ; namely, in a purely paletiological view. We may
eomsider how far our knowledge of laws of causation
enables us to explain his diffusion and migration, his
differences and resemblanees, his actions and works. And
this is the view of man as a member of the natural course
of things.

Bat man, at the same time the contemplator and the
subject of his own contemplation, endowed with - facul-
ties and powers which make him a being of a different
nature from other animals, cannot help regarding his own
actions and enjoyments, his recollections and his hopes,
under an aspect quite different from any that we have
yet had presented to us. We have been endeavouring
to place in a clear light the Fundamental Ideas, such as
that of Cause, on which depends our knowledge of the
natural course of things. But there are other Ideas to
which man necessarily refers his actions; he is led by
his nature, not only to consider his own actions, and
those of his fellow-men, as springing out of this or that
¢ause, leading to this or that material result; but also
a8 good.or bad, as what they ought or ought not-to be.
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He has Ideas of moral relations as well as those Ideas of
material relations with which we have hitherto been
occupied. He is & moral as well as a natural agent.

Contemplating himself and the world around him
by the light of his Moral Ideas, man is led to the convic-
tion that his moral faculties were bestowed upon him by
design and for a purpose; that he is the subject of a
moral government; that the course of the world is
directed by the Power which governs it, to the unfolding
and perfecting of man’s moral nature; that this guid- .
ance may be traced in the career of individuals and of
the world; that there is a providential as well as a natural
course of things. ' '

Yet this view is beset by no small difficulties. The
full development of man’s moral faculties;—the perfection
of his nature up to the measure of his own ideas;—the
adaptation of his moral being to an ultimate destimation,
by its transit through a world full of moral evil, in which
each has his share ;—are effects for which the economy of
the world appears to contain no adequate provision.
Man, though aware of his moral nature, and ready to
believe in an ultimate destination of purity and -blessed-
ness, is too feeble to resist the temptation of evil, and to
restore his purity when once lost. He cannot but look
for some confirmation of that providential order which he
has begun to believe; some provision for those defi-
ciencies in his moral condition which he has begun to feel.

He looks at the history of the world, and he finds
that at a certain period it offers to him the promise of
what he seeks. When the natural powers of man had
been developed to their full extent, and were beginning
to exhibit symptoms of decay; when the intellectual
progress of the world appeared to have reached its limit,
without supplying man’s moral needs; we find the great
Epoch in the Providential history of the world. We
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find the announcement of a Dispensation by which man’s
deficiencies shall be supplied and his aspirations ful-
filled: we find a provision for the purification, the support,
and the ultimate beatification of those who use the pro-
vided means. And thus the providential course of the
world becomes consistent and intelligible.

4. The Sacred Narrative—~But with the new Dispen-
sation, we receive, not only an account of its own scheme
and history, but also a written narrative of the providen-
tial course of the world from the earliest times, and even
from its first creation. This narrative is recognized and
authorized by the new dispensation, and accredited by
some of the same evidences as the dispensation itself.
That the existence of such a sacred narrative should be a
part of the providential order of things, cannot but appear
natural ; but naturally also, the study of it leads to some
difficulties.

The sacred narrative in some of its earliest portions
speaks of natural objects and occurrences respecting
them. In the very beginning of the course of the world,
we may readily believe (indeed as we have seen in the
last chapter, our scientific researches lead us to believe)
that such occurrences were very different from anything
which now takes place ;—different to an extent and in a
manner which we cannot estimate. Now the narrative
must speak of objects and occurrences in the words and
phrases which have derived their meaning from their ap-
plication to the existing natural state of things. When
applied to an initial supernatural state therefare, these
words and phrases cannot help being to us obscure and
mysterious, perbaps ambiguous and seemingly contra-
dictory.

5. Difficulties in interpreting the Sacred Narrative.—
The moral and providential relations of man’s condition
-afe 8o much more important to him than mere natural
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relations, that at first we may well suppose he will accept
the Sacred Narrative, as not only unquestionable in ith
true import, but also-as & guide in his views even of mere
natural relations. He will try to modify the conceptions
which he entertains of objeots and their properties, so
that the Sacred Narrative of the supernatural condition
shall retain the first meaning which he had put upon it in
virtue of his own habits in the usage of language. ‘

But man is so constituted that he cannot persist in
this procedure. The powers and tendencies of his intel-
lect are such that he cannot help trying to attain true
conceptions of objects and their properties by the study
of things themselves, For instance, when he at first
read of a firmament dividing the watere above from the
waters below, he perhaps eonceived a transparent floor in
the skies, on which the superior waters rested which
descend in rain; but as his observations and his reason-
ings satisfied him that such a floor ecould not exist, he
became willing to allow (a8 St, Augustine allowed) thas
the waters above the firmament are in & state of vapeur.
And in like manner in other subjects, men, as their views
of nature became more distinct and precise, modified, so
far as it was necessary for consistency’s sake, their first
rude interpretations of the Sacred Narrative; so that, with-
out in any degree losing its import as a view of the
providential course of the world, it should be so conceived
as not to contradict what they knew of the natural order
of things.

But this accommodation was not always made without
painful struggles and angry controversies. When men
had conceived the occurrences of the Sacred Narrative in
a particular manner, they could not readily and willingly
adopt & new mode of conception; and they resisted all
attempts to recommend it to them, as attacks upon the
sacredness of the Narrative. They had clothed thmir
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belief of the workings of Providence in certain images
and they clung to those images with the persuasion that
without them their belief could not subsist. Thus
they imagined to themselves that the earth was a flat
floor, solidly and broadly laid for the convenience of
man, and they felt as if the kindness of Providence was
disparaged, when it was maintained that the earth was &
globe held together only by the mutual attraction of ite
parts.

The most' memorable instance of a struggle of this
kind is to be found in the circumstances which attended
the introduction of the Heliocentric Theory of Copernis
cus to general aoceptance. On this controversy I have
already made some remarks in the History of Secience®,
and have attempted to draw from it some-lessons which
may be useful to us when any similar conflict of opinions
may oocur. I will here add a few reflections with a
similar view.

6. Such difficuities inevitable.—In the first place, I
remark that such modifications of the current interpres
tation of the words of Scripture appear to be an inevitable
consequence of the progressive character of Natural
Science. Science is constantly teaching us to describé
kaown facts in new language, but the language of Serip-
ture is always the same. .And not only so, but the lan-
guage of Scripture is necessarily adapted to the common
state of man’s intellectual development, in which he is
supposed not to be possessed of science. Hence the
phrases used by Beripture are precisely those which science
soon teaches man to consider as inaccurate. Yet they
are not on that account the less fitted for their proper
purpowe : for if any terms had been used, adapted to a more
advanced state of knowledge, they must have been unin-
telligible among those to whom the Scripture was first

* 3. 401.
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addressed. If the Jews had been told that water existed
in the clouds in small drops, they would have marvelled
that it did not constantly descend ; and to have explained
the reason of this, would have been to teach Atmology in
the sacred writings. If they had read in their Scripture
that the earth was a sphere, when it appeared to be a
plain, they would only have been disturbed in their
thoughts or driven to some wild and baseless imagina-
tions by a declaration to them so strange. If the Divine
Speaker, instead of saying that he would set his bow in
the clouds, had been made to declare that he would
give to water the property of refracting different colours
at different angles, how utterly unmeaning to the hearers
would the words have been! And in these cases, the
expressions, being unintelligible, startling, and bewilder-
ing, would have been such as tended to unfit the Sacred
Narrative for its place in the providential dlspens&txon of
the world. :

Accordingly, in the great controversy whwh took
place in Galileo’s time between the defenders of the then
customary interpretations of Scripture, and the assertors.
of the Copernican system of the universe, when the inno-
vators were upbraided with maintaining opinions contrary
to Seripture, they replied that Scripture was not intended
to teach men astronomy, and that it expressed the acts of
divine power in images which were suited to the ideas of
unscientific men. To speak of the rising and setting and
travelling of the sun, of the fixity and of the foundations
of the earth, was to use the only language which would
have made the Sacred Narrative intelligible. To extract
from these and the like expressions doctrines of science,
was, they declared, in the highest degree unjustifiable; and
-such a course could lead, they held, to no result but a
weakening of the authority of Scripture in proportion as
its credit was identified with that of these modes of
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applying it. And this judgment has since been generally
assented to by those who most reverence and value the
study of the designs of Providence as well as that of the
works of nature.

7. Science tells us nothing concerning Creation.—Other
apparent difficulties arise from the accounts given in
the Scripture of the first origin of the world in which
we live: for example, light is represented as created
before the sun. With regard to difficulties of this kind,
it appears that we may derive some instructioni from the
_ result to which we were led in the last chapter ;—namely,
that in the sciences which trace the progress of natural
occurrences, we can in no case go back to an origin, but
in every instance appear to find ourselves separated from
it by a state of things, and an order of events, of a kind
altogether different from those which come under our
experience. The thread of induction respecting the
natural course of the world snaps in our fingers, when we
try to ascertain where its beginning is. Since, then,
science can teach us nothing positive respecting the
beginning of things, she can neither contradict nor con-
firm what is taught by Scripture on that subject; and
thus, as it is unworthy timidity to fear contradiction, so
is it ungrounded presumption to look for confirmation in
such cases. The providential history of the world has its
own beginning, and its own evidence; and we can only
render the system insecure, by making it lean on our
material sciences. If any one were to suggest that the
nebular hypothesis countenances the Scripture history of
the formation of this system, by showing how the lumi-
nous matter of the sun might exist previous to the sun
itself, we should act wisely in rejecting such an attempt
to weave together these two heterogeneous threads;—
the one a part of a providential scheme, the other a frag-
ment of physical speculation.

VOL. 11 L
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'We shiall best learn those lessons of the true philoso-
phy of seienee which it is our object to collect, by attend-
ing to portions of science which have gone through such
crises as we are new considering; nor is it requisite, for
this purpose, to bring forwards any subjects which are
still under discussion. It may, however, be mentioned
that such maxims as we are now endeavouring to establish,
and the one before us in particular, bear with a peculiar
foroe upon those Palatiological Sciences of which we have
been treating in the present Book.
<. 8. Sctentific views, when familiar, do wot disturd the
anthority of Soripture—There is another reflection which
may serve to console and encourage us in the painful
stroggles which thus take place, between those who main-
tain interpretations of Scripture already prevalent and
those who contend for such new ones as the new dis-
éoveries of scienoe require. It is this;—that though the
new opinion is resisted by one party as something
destructive of the credit of Scripture and the reverence
which is its due, yet, in fact, when the new interpretation
has been generally established and incorporated with
men’s current thoughts, it ceases to disturb their views
of the authority of the Seripture or of the truth of its
teaching. When the language of Scripture, invested
with its new meaning, has become familiar to men, it is
found that the ideas which it calls up are quite as recon-
cileable as the former ones were with the most entire
acoeptance of the providential dispensation. And when
this has been found to be the case, all cultivated persons
look back with surprise at the mistake of those who
thought that the essence of the revelation was involved
in their own arbitrary version of some collateral circum-
stance in the revealed narrative. At the present day, we
can hardly conceive how reasonable men could ever have
imagined that religious reflections on the stability of the



RELATJON OF TRADITION TO PALZETIOLOGY. 147

earth, and the beauty and use of the luminaries which
revolve round it, would be interfered with by an acknow-
ledgment that this rest and motion are apparent only*.
And thus the authority of revelation is not shaken by
eny changes introduced by the progress of science in the
mode of interpreting expressions which describe physical
objects and occurrences ; provided the new interpretation
is admitted at a proper .season, and. in & proper spirit;
80 as to soften, as much as possible, both the public con-
troversies and the private scruples which almost inevit-
ably-accompany such an alteration.

9. When showld old Interpretations be given up ?—-—But
the question then occurs, What is the proper season for
a religious and enlightened commentator to make such
a change in the current interpretation of sacred Scrip-
ture? At what period ought the established exposition
of a passage to be given up, and a new mode of under-
standing the passage, such as is, or seems to be, required
by new discoveries respecting the laws of nature, accepted
in jts place? It is plain, that to introduce such an alter-
ation lightly and hastily would be a proocedure fraught
with inconvenience ; for if the change were made in such
8 manner, it might be afterwards discovered that it had
been adopted without sufficient reason, and that it was
neocessary to reinstate the old exposition. And the minds
of the readers of Seripture, always to a certain extent
and for a time disturbed by the subversion of their long-
established notioms, would be distreased without any
need, and might be seriously unsettled. While, on the
other hand, a too protracted and obstinate resistance to
the innovation, on the part of the scriptural expositors,
would tend to identify, at least in the minds of many,
the authority of the Scripture with the truth of the expo-
sition; and therefore would bring discredit upon the

~ # T have here bonowed a sentence or two from my own History. -
L2
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revealed word, when the established interpretation was
finally proved to be untenable.

A rule on this subject, propounded by some of the most
enlightened dignitaries of the Roman Catholic church,
on the occasion of the great Copernican controversy
begun by Galileo, seems well worthy of our attention.
The following was the opinion given by Cardinal Bellar-
mine at the time:—*“ When a demonstration shall be
found to establish the earth’s motion, it will be proper to
interpret the sacred Scriptures otherwise than they have
hitherto been interpreted in those passages where men-
tion is made of the stability of the earth and movement
of the heavens.” This appears to be a judicious and
reasonable maxim for such cases in general. - So long as
the supposed scientific discovery is doubtful, the exposi-
- tion of the meaning of Scripture given by commentators
of established credit is not wantonly to be disturbed:
but when a scientific theory, irreconcileable with this
ancient interpretation, is clearly proved, we must give up
- the interpretation, and seek some new mode of under-
standing the passage in question, by means of which it
may be consistent with what we know; for if it be not,
our conception of the things so described is no longer
consistent with itself.

It may be said that this rule is indefinite, for who
shall decide when a new theory is completely demon-
strated, and the old interpretation become untenable?
But to this we may reply, that if the rule be assented to,
its application will not be very difficult. For when men
have admitted as a general rule, that the current inter-
pretations of scriptural expressions respecting natural
objects and events may possibly require, and in .some
cases certainly will require, to be abandoned, and new
ones admitted, they will hardly allow themselves to con-
tend for such interpretations as if they were essential
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parts of revelation; and will look upon the change of

exposition, whether it come sooner or later, without

alarm or anger. And when men lend themselves to the

progress of truth in this spirit, it is not of any material

importance at what period a new and satisfactory inter-

pretation of the scriptural difficulty is found; since a -
scientific exactness in our apprehension of the meaning

of such passages as are now referred to is very far from

being essential to our full acceptance of revelation.

10. In what Spirit should the Change be accepted #—
Still these revolutions in scriptural interpretation must
always have in them something which distresses and dis-
turbs- religious communities. And such uneasy feelings
will take a different shape, according as the community
acknowledges or rejects a paramount interpretative
authority in its religious leaders. In the case in which
the interpretation of the Church is binding upon all its
members, the more placid minds rest in peace upon the
ancient exposition, till the spiritual authorities announce
that the time for the adoption of a new view has arrived ;
but in these circumstances, the more stirring and inqui-
gitive minds, which cannot refrain from the pursuit of
new truths and exact conceptions, are led to opinions
which, being contrary to those of the Church, are held
to be sinful. On the other hand, if the religious constitu-
tion of the community allow and encourage each man to
study and interpret for himself the Sacred Writings, we
are met by evils of another kind. In this case, although,
by the unforced influence of admired commentators, there
may prevail a general agreement in the usual interpreta-
tion of difficult passages, yet as each reader of the Secrip~
ture looks upon the sense which he has adopted as being
his own interpretation, he maintains it, not with the
tranquil acquiescence of one who has deposited his judg-
ment in the hands of his Church, but with the keenness
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and strenuousness of self-love. In such a state of things,
though no judicial severities can be employed against the
innovators, there may arise more angry controversies than
in the other case.

It is impossible to overlook the lesson which here
offers itself, that it is in the highest degree unwise in
the friends of religion, whether individuals or commu-
nities, unnecessarily to embark their credit in expositions
of Scripture on matters which appertain to natural
science. By delivering physical doctrines as the teaching
of revelation, religion may lose much, but cannot gain
anything. This maxim of practical wisdom has often
been urged by Christian writers. Thus St. Augustin
says®: «In obscure matters and things far removed from
our senses, if we read anything, even in the divine
Scripture, which may produce diverse opinions without
damaging the faith which we cherish, let us not rush
headlong by positive assertion to either the one opinion
or the other; lest, when a more thorough discussion has

- shown the opinion which we had adopted to be false, our
faith may fall with it: and we should be found con-
tending, not for the doctrine of the sacred Secriptures, but
for our own; endeavouring to make our doctrine to be
that of the Scriptures, instead of taking the doctrine of
the Scriptures to be ours.” And in nearly the same
spirit, at the time of the Copernican controversy, it was
thought proper to append to the work of Copernicus a
postil, to say that the work was written to account for
the phenomens, and that people must not run on blindly
and condemn either of the opposite opinions. Even when
the Inquisition, in 1616, thought itself compelled to
pronounce a decision upon this subject, the verdict was
delivered in very moderate language ;—that “ the doctrine
of the earth’s motion appeared to be contrary to Scnp-
i : # Lib. i. de Genesi, cap. 18.
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ture:” and yet, moderate as this expression is, it has been
blamed by judicious members of the Roman church as
deciding a point such as religions authorities ought not
to pretend to decide; and has brought upon that church
no ordinary weight of general condemmation. Kepler
pointed out, in his lively manner, the imprudence of
employing the force of religious authorities on such sub-
Jects: Acies dolabree in ferrum illisa, postea nec in lignum
valet amplins. Capiat hoc cujus interest. “If you soill try
to chop iron, the axe becomes unable to cut even wood.”
11. In what Spirit should the Change be urged #—But
while we thus endeavour to show in what manner the
interpreters of Scripture may most safely and most pro-
perly accept the discoveries of science, we must not
forget that there may be errors committed on the other
side also; and that men of science, in bringing forward
views which may for a time disturb the minds of lovers
of Soripture, should consider themselves as bound by
strict rules of candour, moderation, and prudence. In-
tentionally to make their supposed discoveries a means .
of discrediting, contradicting, or slighting the sacred
Scriptures, or the authority of religion, is in them unpar-
donable. As men who make the science of Truth the
business of their lives, and are persuaded of her genuine
superiority, and certain of her ultimate triumph, they are
peculiarly bound to urge her claims in a calm and tem-
perate spirit; not forgetting that there are other kinds
of truth besides that which they peculiarly study. They
may properly reject authority in matters of science; bu¢
they are to leave it its proper office in matters of religion.
T may here again quote Kepler’s expressions: “In Theo-
logy we balance authorities, in Philosophy we weigh
reasons. A holy man was Lactantius who denied that
the earth ,was round; a holy man was Augustin, who
granted the rotundity, but denied the antipodes; a holy
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thing to me is the Inquisition, which allows the smallness
of the earth, but denies its motion; but more holy to me
i8 Truth; and hence I prove, from philosophy, that the
earth is round, and inhabited on every side, of small size,
and in motion among the stars,—and this I do with no
disrespeet to the Doctors.” I the more willingly quote such
a passage from Kepler, because the entire ingenuousness
and sincere piety of his character does not allow us to
suspect in him anything of hypocrisy or latent irony.
That similar professions of respect may be made ironi-
cally, we have a noted example in the celebrated Intro-
duction to Galileo’s Dialogue on the Copernican System ;
probably the part which was most offensive to the autho-
rities. “Same years ago,” he begins, “a wholesome edict
was promulgated at Rome, which, in order to check the
perilous scandals of the present age, imposed silence upon
the Pythagorean opinion of the mobility of the earth.
There were not wanting,” he proceeds, “ persons who
rashly asserted that this decree was the result, not of a
judicious inquiry, but of passion ill-informed; and com-
plaints were heard that counsellors, utterly unacquainted
with astronomical observation, ought not to be allowed,
with their sudden prohibitions, to clip the wings of spe-
culative intellects. A¢ the hearing of rash lamentations
like these, my zeal could not keep silence” And he then
goes on to say, that he wishes, in his Dialogue, to show
that the subject had been fully examined at Rome.
Here the irony is ‘quite transparent, and the sarcasm
glaringly obvious. I think we may venture to say that
this is not the temper in which scientific questions should
be treated ; although by some, perhaps, the prohibition of
public discussion may be considered as justifying any
evasion which is likely to pass unpunished.

12. Duty of Mutual Forbearance.—We may add, as a
further reason for mutual forbearance in such cases, that
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the true interests of both parties are the same. The man
of scienee is concerned, no less than any other person, in
the truth and import of the divine dispensation; the reli-
gious man, no less than the man of science, is, by the
nature of his intellect, incapable of believing two contra-
dictory declarations. Hence they have both alike a need
for understanding the Scripture in some way in which it
shall be consistent with their understanding of nature.
It is for their common advantage to conciliate, as Kepler
says, the finger and the tongue of God, his works and
his word. And they may find abundant reason to bear
with each other, even if they should adopt for this pur-
pose different interpretations, each finding one satisfactory
to himself; or if any one should decline employing his
thoughts on such subjects at all. I have elsewhere*
quoted a passage from Keplert which appears to me
written in a most suitable spirit: “I beseech my reader
that, not unmindful of the Divine goodness bestowed upon
man, he do with me praise and celebrate the wisdom of
the Creator, which I open to him from a more inward
explication of the form of the world, from a searching of
causes, from a detection of the errors of vision; and that
thus not only in the firmness and stability of the earth may
we perceive with gratitude the preservation of all living
things in nature as the gift of God: but also that in its
motion, so recondite, so admirable, we may acknowledge
the wisdom of the Creator. But whoever is too dull to
receive this science, or too weak to believe the Coper-
mican system without harm to hi8 piety, him, I say, I
advise that, leaving the school of astronomy, and con-
demning, if 8o he please, any doctrines of the philosophers,
he follow his own path, and desist from this wandering
through the universe; and that, lifting up his natural
eyes with which alone he can see, he pour himself out

* Bridgewater Tr., b. 314. + Com. Stell. Mart., Introd.
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from his own heart in worship of God the Creator, being
c¢ertain that he gives no less worship to God than the
astronomer, to whom God has given to see more clearly
with his inward eyes, and who, from what he has himself
discovered, both can and will glorify God.”

13. Case of Galileo—I may perhaps venture here to
make a remark or two upon this subject with reference
to a charge brought against a certain portion of the His-
tory of the Inductive Sciences. Complaint has been made*
that the character of the Roman church, as shown in its
behaviour towards Galileo, is misrepresented in the ac-
count given of it in the History of Astronomy. It is
asserted that Galileo provoked the condemnation he
incurred ; first, by pertinaciously demanding the assent
of the ecclesiastical authorities to his opinion of the con-
sistency of the Copernican doctrine with Seripture; and
afterwards by contumaciously, and, as we have seen, con-
tumeliously violating the silence which the Church bhad
enjoined upon him. It is further declared that the
statement which represents it as the habit of the Roman
church to dogmatize on points of natural science is un-
founded ; as well as the opinion that in consequence of
this habit, new scientific truths were promulgated less
boldly in Italy than in other countries. I shall reply very
briefly on these subjects; for the decision of them is by
no means requisite in order to establish the doctrines to
which I have been led in the present chapter, nor, I hope,
to satisfy my reader that my views have been collected
from an impartial consideration of scientific history.

With regard to Galileo, I do not think it can be
denied that he obtruded his opinions upon the ecclesias-
tical authorities in an unnecessary and imprudent manner.
He was of an ardent character, strongly convinced him-
self, and urged on still more by the conviction which he

* Dublin Reviex, No. ix., July, 1838, p. 72.
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produced among his disciples, and thus he became impa-
tient for the triumph of truth. This judgment of him has
recently been delivered by various independent autho-
rities, and has undoubtedly considerable foundation*. As
to the question whether authority in matters of natural
science were habitually claimed by the authorities of the
Church of Rome, I have to allow that I cannot produce
instances which establish such a habit. We who have
been aceustomed to have daily before our eyes the Moni-
tion which the Romish editors of Newton thought it
necessary to prefix—Ceterum latis a summo Pontifice con-
tra telluris motum Decretis, nos obsequi profitemur—were
not likely to conjecture that this was a solitary instance
of the interposition of the Papal authority on such sub-
jects. But although it would be easy to find declarations
of heresy delivered by Romish Universities, and writers
of great authority, against tenets belonging to the natural
sciences, I am not aware that any other case can be
adduced in which the Church or the Pope can be shown
to have pronounced such a sentence. I am well con-
tented to acknowledge this;  for I should be far more
gratified by finding myself compelled to hold up the
seventeenth century as a model for the nineteenth in this
respect, than by having to sow enmity between the
admirers of the past and the present through any dispa-
raging contrast }. A ,

* Besides the Dublin Review, I may quote the Edinburgh Review,
which I suppose will not be thought likely to have a bias in favour of
the exercise of ecclesiastical authority in matters of science; though
certainly there is a puerility in the critic’s phraseology which does not
add to the weight of his judgment. ‘ Galileo contrived to surround
the truth with every variety of obstruction. The tide of knowledge,
which had hitherto advanced in peace, he crested with angry breakers,
and he involved in its surf both his friends and his foes.”—FEd. Reo.,
No. exxiii. p. 126.

+ I may add that the most candid of the adherents of the Church

of Romne condemn the assumption of authority in matters of science,
made, in this one instance at least, by the ecolesiastical tribunals, The
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With respect to the attempt made in my History to
characterize the intellectual habits of Italy as produced by
her religious condition,—certainly it would ill become any
student of the history of science to speak slightingly of
that country, always the mother of sciences, always ready
to catch the dawn and hail the rising of any new light of
knowledge. But I think our admiration of this activity
and acuteness of mind is by no means inconsistent with
the opinion, that new truths were promulgated more
boldly beyond the Alps, and that the subtilty of the
Italian intellect loved to insinuate what the rough Ger-
man bluntly asserted. Of the decent duplicity with which
forbidden opinions were handled, the reviewer himself
gives us instances, when he boasts of the liberality with
which Copernican professors werc placed in important
stations by the ecclesiastical authorities, soon after the
doctrine of the motion of the earth had been declared by
the same authorities contrary to Scripture. And in the
same spirit is the process of demanding from Galileo a
public and official recantation of opinions which he had
repeatedly been told by his ecclesiastical superiors he
might hold as much as he pleased. I think it is easy to
believe that among persons so little careful to reconcile
public profession with private conviction, official decorum
was all that was demanded. When Galileo had made his
renunciation of the earth’s motion on his knees, he rose
and said, as we are told, & pur si muove—* and yet it does
move.” This is sometimes represented as the heroic soli-
loquy of a mind cherishing its conviction of the truth, in
spite of persecution; I think we may more naturally con-
ceive it uttered as a playful epigram in the ear of a car-
dinal’s secretary, with a full knowledge that it would be
immediately repeated to his master. '
author of the Ages of Fuith (Book viii. p. 248), says, “ A Congrega-

tion, it is to be lamented, declarcd the new system to be opposed to
Scripture, and therefore heretical.”
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Besides the Ideas involved in the material sciences,
of which we have already examined the principal ones,
there is one Idea or Conception which our Sciences do
not indeed include, but to which they not obscurely point;
and the importance of this Idea will make it proper to
speak of it, though this must be done very briefly.

CHAPTER V.
OF THE CONCEPTION OF A FIRST CAUSE.

1. Ar the end of the last chapter but one, we were led
to this result,—that we.cannot, in any of the Paletiolo-
gical Sciences, ascend to a beginning which is of the same
nature as the existing cause of events, and which depends
upon causes that are still in operation. Philosophers
never have demonstrated, and probably never will be able
to demonstrate, what was the original condition of the
golar system, of the earth, of the vegetable and animal
worlds, of languages, of arts. On all these subjects the
course of investigation, followed backwards as far as our
materials allow us to pursue it, ends at last in an impe-
netrable gloom. We strain our eyes in vain when we
try, by our natural faculties, to discern an Origin.

2. Yet speculative men have been constantly employed
in attempts to arrive at that which thus seems to be
placed out of their reach. The Origin of Languages, the
Origin of the present Distribution of Plants and Animals,
the Origin of the Earth, have been common subjects of
diligent and persevering inquiry. Indeed inquiries re-
specting such subjects have béen, at least till lately, the
usual form which Palatiotogical researches have assumed.
Cosmogony, the origin of the world, of which, in such
speculations, the earth was considered as a principal part,
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has been & favourite study both of ancient and of modern
times: and most of the attempts at Geology previous to
the present period have been Cosmogonies. or Geogonies,
rather than that more genuine science which we have
endeavoured to delineate. Glossology, though now an
extensive body of solid knowledge, was mainly brought
into being by inquiries concerning the original language
spoken by men; and the nature of the first separation
and diffusion of languages, the first peopling of the earth
by man and by animals; were long sought after with ardent
curiosity, although of course with reference to the autho-
rity of the Secriptures, as well as the evidence of natural
phenomena. Indeed the interest of such inquiries even
yet is far from being extinguished. The disposition to ex-
plore the past in the hope of finding, by the light of natural
reasoning as well as by the aid of revelation, the origin
of the present course of things, appears to be unconquer-
able. 'What was the beginning? is a question which the
human race cannot desist from perpetually asking. And
no failure in obtaining a satisfactory answer can prevent
inquisitive spirits from again and again repeating the
inquiry, although the blank abyss into which it is uttered
does not even return an echo.

3. What, then, is the reason of an attempt 80 pertl-
nacious yet so fruitless? By what motive are we im-
pelled thus constantly to seek what we can never find ?
Why are the error of our conjectures, the futility of our
reasonings, the precariousness_of our intérpretations, over
and over aguin proved to us in vain? Why is it impos-~
sible for us to acquiesce in our ignorance and to relinquish
the inquiry? Why cannot we content ourselves with
examining those links of the chain of causes which are
nearest to us;—those in which the connexion is intelligible
and clear; instead of fixing our attention upon those
remote portions where we can no longer estimate its co-
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herence? In short, why did not men from the first take
for the subject of their speculations the Course of Nature
rather than the Origin of Things?

To this we reply, that in doing what they have thus
done, in seeking what they have sought, men are impelled
by an intellectual necessity. They cannot conceive &
series of eonnected ocourrences without a commences
ment; they cannot help supposing a cause for the whole,
as well as a cause for each part; they cannot be satisfied
with a succession of causes without assuming a First
Cause. Such an assumption is necessarily impressed
upon our minds by our contemplation of a series of causes
and effects; that there must be a First Cause, is accepted
by all intelligent reasoners as an Axiom : and like other
Axioms, its truth is necessarily implied in the Idea which
it involves.

4. The evidence of this axiom may be illustrated in
several ways. In the first place, the axiom is assumed
in the argument usually offered to prove the existence of
the Deity. Sinoce, it is said, the world now exists, and
since nothing cannot produce something, something mus$
have existed from eternity. This Something is the First
Cause: it is God.

Now what I have to remark here is this: the con-
clusiveness of this argument, as a proof of the existence
of one independent, jmmutable Deity, depends entirely
upon the assumption of the axiom above stated. The
world, a series of causes and effects, exists: thereforq
there must be, not only this series of causes and effects,
but also & Firat Cause. It will be easily seen, that with-
out the axiom, that in every series of canses and effects
there must be a First Cause, the reasoning is altogether
inconclusive.

5. Or to put the matter otherwise: The argument
for the existence of the Deity was stated thus: Something
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exists, therefore something must have existed from eter-
nity. Granted, the opponent might say; but this some-
thing which has existed from eternity, why may it not be
this very series of causes and effects which is now going
on, and which appears to contain in itself no indication
of beginning or end? And thus, without the assumption
of the necessity of a First Cause, the force of the argu-
ment may be resisted.

6. But, it may be asked, how do those who have
written to prove the existence of the Deity reply to
such an objection as the one just stated? It is natural
to suppose that, on a subject so interesting and so long
discussed, all the obvious arguments, with their replies,
have been fully brought into view. What is the result
in this case ? :

The principal modes of replying to the above objec-
tion, that the series of causes and effects which now
exists, may have existed from eternity, appear to be these.

In the first place, our minds cannot be satisfied with
a series of successive, dependent, causes and effects,
without something first and independent. 'We pass from
effect to cause, and from that to a higher cause, in search
of 'something on which the mind can rest ; but if we can
do nothing but repeat this process, there is no use in it.
We move our limbs, but make no advance. Our ques-
tion is not answered, but evaded. The mind cannot
acquiesce in the destiny thus presented to it, of being
referred from event to event, from object to object, along
an interminable vista of causation and time. Now this
mode of stating the reply,—to say that the mind cannot
thus be satisfied, appears to be equivalent to saying that
the mind is conscious of a principle in virtue of which
such a view as this must be rejected ;—the mind takes
refuge in the assumption of a First Cause, from an
employment inconsistent with its own nature.
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7. Or again, we may avoid the objection, by putting
the argument for the existence of a Deity in this form :
The series of causes and effects which we call the world,
or the course of nature, may be considered as a whole,
and this whole must have a cause of its existence. The
whole collection of objects and events may be compre-
hended as a single effect, and of this effect there must be
a cause. This Cause of the Universe must be superior
to, and independent of the special events, which, happen-
ing in time, make up the universe of which He is the
cause. He must exist and exercise causation, before
these events can begin: He must be the First Cause.

" Although the argument is here somewhat medified
in form, the substance is the same as before. For the
assumption that we may consider the whole series of
causes and effects as a single ¢gffect, is equivalent to the
assumption that besides partial causes, we must have &
First Cause. And thus the Idea of a First Cause, and
the axiom which asserts its necessity, are recognized in
the usual argumentation on this subject.

8. This Idea of a First Cause, and the principle
involved in the Idea, have been the subject of discussion
in another manner. As we have already said, we assume
as an axiom that a’First Cause must exist ; and we assert
that God, the First Cause, exists eternal and immutable,
by thé necessity which the axiom implies. Hence God
is said to exist necessarily ;—to be a necessarily existing
being. And when this necessary existence of God had
been spoken of, it soon began to be contemplated as a
sufficient reason, and as an absolute demonstration of His
existence ; without any need of referring to the world as
an effect, in order to arrive at God as the cause. And
thus men conceived that they had obtained a proof of
the existence of the Deity, @ priori, from ideas, as well
as a posteriori, from effects.

VOL. II. M
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9. Thus, Thomas Aquinas employs this reagzoning to
prove the gternity of God*. ¢ Oportet ponere aliquod
primum necessarium quod est per se ipsum necessarium ;
et hoc est Deus, cum sit prima eausa ut dietum est : igitur
Deus mternus est, cum omne necessarium per se sit ®ter-
num.” Tt is true that the schoolmen never professed to
be able to prove the existence of the Deity @ priori: but
they made use of this conception of necessary existence
in & manner which approached very near to such an
attempt. Thus Suarezt discusses the question, « Utrum
aliquo modo possit @ priori demonstrari Deum esse.”
And resolves the question in this manner: “ Ad hune
ergo medum dicendum est: Demonstrato & posterior:
Deum esse ens necessarium et a se, ex hoc attributo
posse @ prior: demonstrari preter illud non posse esse
alind ens necessarium et a se, et consequenter demon-
strari Deum esse.”

But in modern times attempts were made by Des.
cartes and Samuel Clarke, to prove the Divine exist-
ence at once @ priori, from the conception of necessary
existence; which, it was argued, could not subsist with-
out actual existence. This argumentation was acutely
and severely criticized by Dr. Waterland.,

10. Without dwelling upon a suhject, the discussion of
which does not enter into the design of the present work,
I may remark that the question whetheran & priori proof
of the existence of a First Cause be possible, is a ques-
tion concerning the nature of our Ideas, and the evidence
of the axioms which they involve, of the same kind as
many questions which we have already bad to discuss.
Is our Conception or Idea of a First Cause gathered from
the effects we see around us? It is plain that we must
answer, here as in other cases, that the Idea is mot

* Aquin. Contr. Gentil. lib. i. c. 14, p. 21.
+ Metaphys., tom. ii. disp. 29, sect. 3, p. 28.
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extracted from the phenomena, but assumed in order that
the phenomena may become intelligible to the mind ;—
that the Idea is & necessary one, inasmuch as it does not;
depend upon observation for jts evidence; but that it
depends upon observation for its development, since with-
out some observation, we cannot conceive the mind to be
cognisant of the relation of causation at all. In this
respect, however, the Idea of a First Cause is no less
necessary than the ideas of Space, or Time, or Cause in
general. And whether we call the reasoning derived
from such a necessity an argument & priori or a posteriors,
in either case it possesses the genuine character of demon-
stration, being founded.upon axioms which command
universal assent.

11. I have, however, spoken of our Conception rather
than of our Zdea of a First Cause; for the notion of a
First Cause appears to be rather a modification of the
Fundamental Idea of Cause, which was formerly discussed,
than s separate and peculiar Idea. And the Axiom, that -
there must be a First Cause, is recognised by most persons
as an application of the general Axiom of Causation, that
every effect must have a cause; this latter Axiom being
applied to the world, considered in its totality, as a single
effect. This distinction, however, between an Idea and
a Conception, is of no material consequence to our argu-
ment ; provided we allow the maxim, that there must
be a& First Cause, to be necessarily and evidently true;
whether it be thought better to speak of it as an inde«
pendent Axiom, or to censider it-as derived from the
general Axiom of Causation,

12. Thus we necessarily infer a First Cause, although
the Palastiologieal Sciences only point towards it, and do
not lead us ¢o it. But I must observe further; that in
each of the series of events which form the subject of
Palztiological research, the First Cause is the same.

M2
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Without here resting upon reasoning founded upon our
Conception of a First Cause, I may remark that this
identity is proved by the close connexion of all the
branches of natural science, and the way in which the
causes and the events of each are interwoven with those
which belong to the others. We must needs believe
that the First Cause which produced the earth and its
atmosphere is also the Cause of the plants which clothe
its surface; that the First Cause of the vegetable and of
the animal world are the same; that the First Cause
which produced light produced also eyes; that the First
Cause which produced air and organs of articulation pro-
duced also language and the faculties by which language
is rendered possible: and if those faculties, then also all
man’s other faculties ;—the powers by which, as we have
said, he discerns right and wrong, and recognizes & pro-
vidential as well as a natural course of things. Nor can
we think otherwise than that the Being who gave these
faculties, bestowed them for some purpose ;—bestowed
them for that purpose which alone is compatible with
their nature :—the purpose, namely, of guiding and ele-
vating man in his present career, and of preparing him
for another state of being to which they irresistibly direct
his hopes. And thus, although, as we have said, no one
of the Paletiological Sciences can be traced continuously
to an origin, yet they not only each point to an origin,
but all to the same origin. Their linesare broken indeed,
as they run backwards into the early periods of the world,
but yet they all appear to converge to the same invisible
point. And this point, thus indicated by the natural
course of things, can be no other than that which is
disclosed to us as the starting point of the providential
course of the world; for we are persuaded by such reasons
as have just been hinted, that the Creator of the natural
world can be no other than the Author and Governor
and Judge of the moral and spiritual world.
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13. Thus we are led, by our material sciences, and
especially by the Paletiological class of them, to the
borders of a higher region, and to a point of view from
which we have a prospect of other provinces of know-
ledge, in which other faculties of man are concerned
besides his intellectual, other interests involved besides
those of speculation. On these it does not belong to our
present plan to dwell: but even such a brief glance as
we have taken of the connexion of material with moral
speculations may not be useless, since it may serve to
show that the principles of truth which we are now labo-
riously collecting among the results of the physical sci-
ences, may possibly find some application in those parts
of knowledge towards which men most naturally look
with deeper interest and more serious reverence.

We have been employed up to the present stage
of this work in examining the materials of knowledge,
namely, Facts and Ideas; and we have dwelt particularly
upon the latter element; inasmuch as the consideration
of it is, on various accounts, and especially at the present
time, by far the most important. We have now to pro-
ceed to the remainder of our task;—to determine the
processes by which those materials may actually be made
to constitute knowledge. 'We have surveyed the stones
of our building: we have found them exactly squared,
and often curiously covered with significant imagery and
important inscriptions. We have now to discover how
they may best be fitted into their places, and cemented
together, so that rising stage above stage, they may grow
at last into that fair and lofty temple of Truth for which
we cannot doubt that they were intemded by the Great
Architect.
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De Scientiis tum demum bene sperandum est, quando
por ScavraM veram et per gradus continuos, et non inter-
missos aut hiulcos, a particularibus ascendetar ad Axio-
matur minora, et deinde ad media, alia aliis superiora,
et postremd demum ad generalissima.

In constituendo autem Axiomate, Forma INpDUCTIONIS
alia quam adhuc in usu fuit, excogitanda est; et qua
non ad Principia tantum (qua vocant) probanda et
invenienda, sed etiam ad Axiomata minora, et media,
denique omnia,

Bacon, Nov. Org., Aph. civ. cv.

+ o
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BOOK XI.

OF THE CONSTRUCTION OF SCIENCE.

CHAPTER 1.

OF TWO PRINCIPAL PROCESSES BY WHICH
SCIENCE IS CONSTRUCTED.

To the subject of the present Book all that has pre-
ceded is subordinate and preparatory. The First Part of
this work treated of Ideas: we now enter upon the
Second Part, in which we have to consider the Know-
ledge which arises from them. It has already been stated
that knowledge requires us to possess both Facts and
Ideas ;—that every step in our knowledge consists in
applying the ideas and conceptions furnished by our
minds to the facts which observation and experiment
offer to us. When our conceptions are clear and distinct,
when our facts are certain and sufficiently numerous, and
when the conceptions, being suited to the nature of the
facts, are applied to them so as to produce an exact and
universal accordance, we attain knowledge of a precise
and comprehensive kind, which we may term Science.
And we apply this term to our knowledge still more
decidedly when, facts being thus included in exact and
general propositions, such propositions are, in the same
manner, included with equal rigour in propositions of a
higher degree of generality; and these again in others of
a still wider nature, so as to form a large and systematic
whole.
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But after thus stating, in a general way, the nature of
science, and the elements of which it consists, we have
been examining with a more close and extensive scrutiny,
some of those elements ; and we must now return to our
main subject, and apply to it the results of our long
investigation. We have been exploring the realm of
Ideas; we have been passing in review the difficulties
in which the workings of our own minds involve us
when we would make our conceptions consistent with
themselves: and we have endeavoured to get a sight of
the true solutions of these difficulties. 'We have now to
inquire how the results of these long and laborious efforts
of thought find their due place in the formation of our
knowledge. What do we gain by these attempts to
make our notions distinct and consistent; and in what
manner is the gain of which we thus become possessed,
carried to the general treasure-house of our permanent
and jndestructible knowledge? After all this battling
in the world of ideas, all this struggling with the shadowy
and changing forms of intellectual perplexity, how do we
secure to ourselves the fruits of our warfare, and assure
ourselves that we have really pushed forwards the fron-
tier of the empire of Science? It is by such an appro-
priation that the task which we have had in our hands
during the last nine Books of this work, must acquire its
real value and true place in our design.

In order to do this, we must reconsider, in & more
definite and precise shape, the doctrine which has already
been laid down;—that our knowledge consists in apply-
ing Ideas to Facts; and that the conditions of real know-
ledge are that the ideas be distinct and appropridte, and
exactly applied to clear and certain facts. The steps by
which our knowledge is advanced are those by which
one or the other of these two processes is rendered more
complete ;—by which conceptions are made more clear in
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themselves, or by which the conceptions more strictly
bind together the facts. These two processes may be cons
sidered as together constituting the whole formation of
our knowledge ; and the principles which have been esta-
blished in the preceding Books, bear principally upon the
former of these two operations;—upon the business of
elevating our conceptions to the highest possible point of
precision and generality. But these two portions of the
progress of knowledge are so clearly connected with
each other, that we shall consider them in immediate
succession. And having how to consider these operations
in a more exact and formal manner than it was before
possible to do, we shall designate them by certain con-
stant and technical phrases. 'We shall speak of the two
processes by which we arrive at science, as the Explication
of Conceptions and the Colligation of Facts: we shall
show how the discussions in which we have been engaged
have been necessary in order to promote the former of
these offices; and we shall endeavour to point out modes,
maxims, and principles by which the second of the two
tasks may also be furthered.

Cuarter I
OF THE EXPLICATION OF CONCEPTIONS.

1. WE have given the appellation of Zdeas to certain
comprehensive forms of thought,—as space, number, cause,
composition, resemblance,—which we apply to the pheno-
mena which we contemplate. But the special modifica-
tions of these ideas which are exemplified in particular
facts, we have termed Conceptions; as a circle, a square
number, an accelerating force, a neutral combination of ele-
ments, a genus. Such Conceptions involve in themselves
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certain necessary and universal relations derived from the
ideas just enumerated; and these relations are an indis-
pensable portion of the texture of our knowledge. But
to determine the contents and limits of this portion of
our knowledge, requires an examination of the ideas and
conceptions from which it proceeds. The conceptions
must be, as it were, carefully unfolded, so as to bring
into clear view the elements of truth with which they are
marked from their ideal origin. This is one of the pro-
cesses by which our knowledge is extended and made
more exact ; and this I shall describe as the Ezplication
of Conceptions. ‘

In the preceding Books we have discussed a great
many of the Fundamental Ideas of the most important
existing sciences. We have, in those Books, abundant
exemplifications of the process now under our considera«;
tion. We shall here add a few general remarks, sug-
gested by the survey which we have thus made.

2. (I.) Such discussions as those in which we have been
engaged concerning our fandamental ideas, have been the
course by which, historically speaking, those conceptions
which the existing sciences involve have been rendered
so clear as to be fit elements of exact knowledge. The
disputes concerning the various kinds and measures of
Force were an important part of the progress of the sci-
ence of mechanics. The struggles by which philosophers
attained a right general conception of plane, of circular,
of elliptical Polarization, were some of the most difficult
steps in the modern discoveries of optics. A conception
of the Atomic Constitution of bodies, such as shall include
what we know, and assume nothing more, is even now a
matter of conflict among chemists. The debates by which,
in recent times, the conceptions of Species and Genera
have been rendered more exact, have improved the science
of botany: the imperfection of the science of mineralogy
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arises in'a great measure from the circumstance, that in
that subject, the conception of a Species is not yet fixed.
In physiology, what a vast advance would that philoso-
pher make, who should establish a precise, tenable, and
consistent conception of Life !

Thus discussions and speculations concerning the im-
port of very abstract and general terms and notions, may
be, and in reality have been, far from useless and barren.
Such discussions arose from the desire of men to impress
their opinions on others, but they had the effect of making
the opinions much more clear and distinct. In trying to
make others understand them, they learnt to understand
themselves. Their speculations were begun in twilight,
and ended in the full brilliance of day. It was not easily
and at once, without expenditure of labour or time, that
men arrived at those notions which now form the ele-
ments of our knowledge; on the contrary, we have, in
the history of science, seen how hard discoverers, and the
forerunners of discoverers, have had to struggle with the
indistinctness and obscurity of the intellect, before they
could advance to the critical point at which truth became
clearly visible. And so long as, in this advance, some
speculators were more forward than others, there was a
natural and inevitable ground of difference of opinion, of
argumentation, of wrangling. But the tendency of all
such controversy is to diffuse truth and to dispel error.
Truth is consistent, and can bear the tug of war; error is
incoherent, and falls to pieces in the struggle. True con-
ceptions can endure the sun, and become clearer as a
fuller light is obtained ; confused and inconsistent notions
vanish like visionary spectres at the break of a brighter
day. And thus all the controversies concerning such
conceptions as science involves have ever ended in the
establishment of the side on which the truth was found.

3. Indeed, so complete has been the victory of truth



174 CONSTRUCTION OF SCIENCE.

in most of these instances, that at present we can hardly
imagine the struggle to have been neeessary. The very
essence of these trinmphs is that they lead us to regard
the views we reject as not only false, but incenceivable,
And hence we are led rather to look back upon the van-
quished with contempt than upon the victors with grati-
tude. We now despise those who in the Capernican
controversy could not econeeive the apparent motion of
the sun on the heliocentric hypothesis; or those who, in
opposition to Galileo, thaught that a uniform force might
be that which generated a velocity proportional to the
space; or those who held there was something absurd
in Newton’s dootrine of the different refrangibility of
differently coloured rays; or those who imagined thst
when elements combine, their sensible qualities must be
manifest in the compound; or those who were reluctant
to give up the distinction of vegetables into herbs, shrubs,
and trees. We cannot help thinking that men must
have been singularly dull of comprehension to find a
difficulty in admitting what is to us so plain and simple.
We have a latent persnasion that we in their place should
have been wiser and more clear-sighted j—that we should
have taken the right side, and given our assent at once
to the truth.

4. Yet in reality such a persuasion is & mere delysion.
The persons who, in such instances as the above, were
on the losing side, were very far, in most cases, from
being persons more prejudiced, or stupid, ar parrow-
minded, than the greater part of mankind now are;
and the cause for which they fought was far from being
a manifestly bad one, till it had been so decided by the
result of the war. It is the peculiar eharacter of scien-
tific contests, that what is only an epigram with regerd
to other warfare is a truth in this; and they who are
defeated are really in the wrong. But they may, never-
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theless, be men of great subtilty, sagacity, and genius;
and we nourish a very foolish self-complacenoy when we
suppose that we are their superiars. That this is so, is
proved by recollecting that many of these who have made
very great discoveries have laboured under the imper-
fection of thought which was the obstacle to the next
step in knowledge. Thoeugh Kepler detected with great
aocuteness the numerieal laws of the solar system, he
laboured in vain to conceive the very simplest of the laws
of motion by which the paths of the planets are governed.
Though Priestley made some important steps in chemistry,
he could not bring his mind to admit the doctrine of a
general principle of oxidation. How many ingenious
men in the last century rejected the Newtanian attrac-
tion as an impossible ehimera! How many more, equally
intelligent, have, in the same manner, in our own time,
rejected, I do not now mean as false, but as inconeeivable,
the dootrine of luminiferous undulations! To err in this
way is the lot, not only of men in general, but of men of
great endowments, and very sincere love of truth.

0. And those who liberate themselves from such per-
plexities, and who thus go on in advance of their age in
such matters, owe their superiority in no small degree to
such discussions and controversies as thoge to which we
now refer. In such eontroversies, the conceptions in
question are turned in all directions, examined on all
sides; the strength and the weakness of the maxims
which men apply to them are fully tested ; the light of
the brightest minds is diffused to others. Inconsistency
is unfolded into self-contradietion; axioms are built up
into a system of necessary truths; and ready exemplifi-
cations are accumulated of that which is to be proved or
disproved concerning the ideas whiech are the basis of
the controversy.

The History of Mechanies from the time of Kepler
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to that of Lagrange, is perhaps the best exemplifieation
of the mode in which the progress of a science depends
upon such disputes and speculations as give clearness and
generality to its elementary conceptions. This, it is to
be recollected, is the kind of progress of which we are
now speaking; and this is the principal feature in the
portion of scientific history which we have mentioned.
For almost all that was to be done by reference to obser-
vation, was executed by Galileo and his disciples. What
remained was the task of generalization and simplifica~
tion. And this was promoted in no small degree by the
various controversies which took place within that period
concerning mechanical conceptions:—as, for example,
the question concerning the measure of the force of per-
cussion ;—the war of the vis vive ;—the controversy of
the centre of oscillation ;—of the independence of statics
and dynamics ;—of the principle of least action ;—of the
evidence of the laws of motion;—and of the number of
laws really distinct. None of these discussions was with-
out its influence in giving generality and clearness to the
mechanical ideas of mathematicians: and therefore, though
remote from general apprehension, and dealing with very
abstract notions, they were of eminent use in the perfect-
ing the science of mechanics. Similar controversies con-
cerning fundamental notions, those, for example, which
Galileo himself had to maintain, were no less useful in-
the formation of the science of hydrostatics. And the
like struggles and conflicts, whether they take the form
of controversies between several persons, or only operate
in the efforts and fluctuations of the discoverer's mind,
are always requisite before the conceptions acquire that
clearness which makes them fit to appear in the enuncia-
tion of scientific truth.

This, then, is one object of the preceding Books ;—to
bring under the reader’s notice the main elements of the
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controversies which have thus had so important a share
in the formation of the existing body of science, and the
decisions on the controverted points to which the mature
examination of the subject has led; and thus to give
an abundant exhibition of that step which we term the
Explication of Conceptions. ™

6. (IL) The result of such controversies as we have
been speaking of, often appears to be summed up in a
Definition ; and the controversy itself has often assumed
the form of a battle of definitions. For example, the
inquiry concerning the laws of falling bodies led to the
question whether the proper definition of a uniform force
is, that it generates a velocity proportional to the space
from rest, or to the &tme. The controversy of the vis viva
was, what was the proper definition of the measure of
Jorce. A principal question in the classification of mine-
rals is, what is' the definition of a mineral species. Phy-
siologists have endeavoured to throw light on their sub-
ject, by defining organization, or some similar term.

7. It is very important for us te observe, that these
controversies have never been questions of insulated and
arbitrary definitions, as men seem often tempted to sup-
pose them to have been. In all cases there is a tacit
assumption of some proposition which is to be expressed
by means of the definition, and which gives it its import-
ance. The dispute concerning the definition thus acquires
a real value, and becomes a question concerning true and
false. Thus in the discussion of the question, What is a
uniform force? it was taken for granted that gravity is a
uniform force:—in the debate of the vis viva, it was
assumed that in the mutual action of bodies the whole
effect of the force is unchanged :—in the zoological defi-
nition of species, (that it consists of individuals which’
have, or may have, sprung from the same parents,) it is
presumed that individuals so related resemble each other

VOL. II. N
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more than those which are excluded by such a definition ;
or perhaps, that species so defined have permanent and
definite differences, A definition of organization, .or of
any other term, which was not employed to express some
principle, would be of no value.

The establishment, therefore, of a right definition of
a term may be a useful step in the explication of our
eonveptions; but this will be the case then only when
we have under our consideration some proposition in
which the term is employed. For then the question
really is, how the econception shall be understood and
defined in order that the proposition may be true.

8. The establishment of a propesition requires an
attention to observed facts, and can never be rightly
derived from our eonceptions alone. We must hereafter
consider the necessity which exists that the facts should
be rightly bound together, as well as that our conceptions
should be olearly employed, in order to lead us to real
knowledge. But we may observe here that, in such
cases at least as we are now considering, the two pro-
ocesses are co-ordinate. To unfold our conceptions by the
means of definitions has never been serviceable to science,
except when it has been associated with an immediate use
of the definitions. The endeavour to define a Uniform
Force was combined with the assertion that gravity is a
uniform force: the attempt to define Accelerating Force
was immediately followed by the doctrine that accelera-
ting forces may be compounded: the process of defining
Momentum was commected with the principle that mo-
menta gained and lost are equal: naturalists would have
given in vain the definition of Species which we have
quoted, if they had not also given the characters of
species so separated. Definition and Proposition are the
two handles of the instrument by which we apprehend
truth; the former is of no use without the latter. Defi-
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nition may be the best mode of explaining our conception;
but that which alone makes it worth while to explain it
in any mode, is the opportunity of using it in the expres-
sion of truth. When a definition is propounded. to us as
a useful step in knowledge, we are always entitled to ask
what principle it serves to enunciate. If there be no
answer to this inquiry, we define and give clearness to our
conceptions in vain. While we labour at such a task, we
do but light up a vacant room; we sharpen a knife with
which we have nothing to cut; we take exaot aim, while
we load our artillery with blank cartridge; we apply striot
rules of grammar to senterices which have no meaning.

If, on the other hand, we have under our considera-
tion a proposition probably established, every step which
we can make in giving distinctness and exactness to the
terms which this propesition involves, is an important
step towards scientific truth. In such cases, any improve-
ment in our definition is a real advance in the explication
of our conception. The clearness of our expressions casts
a light upon the ideas which we contemplate and convey
to others. ' '

9. (IIL) But though definition may be subservient
to a right explication of our conceptions, it is ot essential
to that process. It is absolutely necessary to every
advance in our knowledge, that those by whom' such
advances are made should possess clearly the conceptions
which they employ: but it is by no means neoessary
that they should unfold these conceptions in the words
of a formal definition. It is easily seen, by examining
the course of Galileo’s discoveries, that he had a distinot
canception of the moving force which urges bodies down-
wards upon an inclined plane, while he still hesitated
whether to call it Momentum, Energy, Impetus, or
Force, and did not venture to offer a definition of the
thing which was the subject of his thoughts. The con-

N2
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ception of polarization was clear in the minds of many
optical speculators, from the time of Huyghens. and
Newton to that of Young and Fresnel. This conception
we have defined to be “opposite properties depending
upon opposite positions;” but this notion was, by the
discoverers, though constantly assumed and expressed by
means of superfluous hypotheses, never clothed in definite
language. And in the mean time, it was the custom,
among subordinate writers on the same subjects, to say
that the term polarization had no definite meaning, and
was merely an expression of our ignorance. The defini-
tion which was offered by Haiiy and others of a minera-
logical species ;—“The same elements combined in the
same proportions, with the same fundamental form ;”—
was false, inasmuch as it was incapable of being rigor-
ously applied to any one case; but this defect did not
prevent the philosophers who propounded such a defini-
tion from making many valuable additions to mineralo-
gical knowledge, in the way of identifying some species
and distinguishing others. The right conception which
they possessed in their minds prevented their being
misled by their own very erroneous definition. The want
of any precise definitions of strafa, and formations, and
epochs, among geologists, has not prevented the discus-
sions which they have carried on upon such subjects from
being highly serviceable in the promotion of geological
knowledge. For however much the apparent vagueness
of these terms might leave their arguments open to cavil,
there was a general understanding prevalent among the
most intelligent cultivators of the science, as to what was
meant in such expressions; and this common understand-
ing sufficed to determine what evidence should be consi-
dered conclusive and what inconclusive in these inquiries.
And thus the distinctness of conception, which is a reel
requisite of scientific progress, existed in the minds of the
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inquirers, although definitions, which are a partial and
accidental evidence of this distinctness, had not yet been
hit upon. The idea had been developed in men’s minds,
although a clothing of words had not been contrived for
it, nor, perhaps, the necessity of such a vehicle felt:
and thus that essential condition of the progress of know-
ledge of which we are here speaking existed; while it
was left to the succeeding speculators to put this unwritten
rule in the form of a verbal statute.

10. (IV.) Men are often prone to consider it as a
thoughtless omission of an essential circumstance, and as
a neglect which involves some blame, when knowledge
thus assumes a form in which definitions, or rather con-
ceptions, are implied but are not expressed. But in such
a judgment, they assume tiat to be a matter of choice
requiring attention only, which is in fact as difficult and
precarious as any other portion of the task of discovery.
To define, so that our definition shall have any scientific
value, requires no small portion of that sagacity by which
truth is detected. As we have already said, definitions
and propositions are co-ordinate in their use and in their
origin. In many cases, perhaps in most, the proposition
which contains a scientific truth, is apprehended with
confidence, but with some vagueness and vacillation,
before it is put in a positive, distinct, and definite form.
It is thus known to be true, before it can be enunciated
in terms each of which is rigorously defined. The busi-
ness of definition is part of the business of discovery.
When' it has been clearly seen what ought to be our
definition, it must be pretty well known what truth we
have to state. The definition, as well as the discovery,
sapposes a decided step in our knowledge to have been
made. The writers on Logic in the middle ages, made
Definition the last stage in the progress of knowledge; am -
i’ this arrangement at least, the history of science, snd



182 . .CONSTRUCTION OF SCIENCE.

the philosophy derived from the history, confirm their
speculative views. If the explication of our conceptions
ever assume the form of a definition, it will not be as an
arbitrary process, or as a matter of course, but as the
mark of one of those happy efforts of sagacity to which
all the successive advances of our knowledge are owing.
11. (V.) Our conceptions, then, even when they be-
come 8o clear as the progress of knowledge requires, are
not adequately expressed, or necessarily expressed at all,
by means of definitions. We may ask, then, whether there
is any other mode of expression in which we may look for
the evidence and exposition of that peculiar exactness
of thought which the formation of science demands.
And in answer to this inquiry, we may refer to the pre-
vious discussions respecting many of the fundamental
ideas of the sciences. It has there been seen that these
ideas involve many elementary truths which enter into
the texture of our knowledge, introducing into it con-
nexions and relations-of the most important kind, although
these elementary truths cannot be deduced from any
verbal definition of the idea. It has been seen that these
elementary truths may often be enunciated by means of
Axioms, stated in addition to, or in preference to, Defini-
tions. For éxample, the Idea of Cause, which forms the
basis of the science of mechanics, makes its appearance
in our elementary mechanical reasonings, not as a defini-
tion, but by means of the axioms that causes are measured
by their effects, and that reaction is equal and opposite to
action. Buch axioms, tacitly assumed or occasionally
stated as maxims of acknowledged validity, belong to all
the ideas which form the foundations of the sciences, and
are constantly employed in the reasoning and speculations
of those who think clearly on such subjects. It may
often be a task of some difficulty to detect and enunciate
in words the principles which are thus, perhaps silently

————ar Sty b
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and unconsciously, taken for granted by those who have a
share in the establishment of scientific truth: but inas-
much as these principles are an éssential element in our
knowledge, it is very important to our present purpose to
separate them from the associated materials and to trace
them to their origin. This accordingly I have attempted
to do, with regard to a considerable number of the most
prominent of such ideas, in the preceding Books. The
reader will there find many of these ideas resolved into
axioms and principles by means of which their effect
upon the elementary reasonings of the various seiences
may be expressed. That part of the Work is intended to
form, in some measure, a representation of the ideal side
of our physical knowledge ;—a table of those contents of
our conceptions which are not received direstly from facts;
~—an exhibition of rules to which we know that truth
must conform.

12. In order, however, that we may see the necessary
cogency of these rules, we must possess, clearly and
steadily, the ideas from which the rules flow. In order
to perceive the necessary relations of the circles of the
sphere, we must possess clearly the Idea of solid Space:
~in order that we may see the demonstration of the
composition of forces, we must have the Idea of Cause
moulded into a distinct conception of statical force. This
_is that Clearness of Ideas which we stipulate for in any
one’s mind, as the first essential condition of his making
any new step in the discovery of truth. And we now see
what answer we are able to give, if we are asked for a
Criterion of this Clearness of Idea. The Criterion is, that
the person shall ses the necessity of the Axioms belong-
ing to each Idea;—shall accept them in such & manner as
to perceive the cogency of the reasonings founded upon
them. Thus a person has a clear idea of space who
follows the reasonings of geometry and fully apprehends
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their conclusiveness. The explication of conceptions,
which we are speaking of as an essential part of real
knowledge, is the process by which we bring the clearness
.of our ideas to bear upon the formation of our knowledge.
And this is done, as we have now seen, not always, nor
generally, nor principally, by laying down a definition of
the conception; but by acquiring such a possession of it
in our minds as enables, indeed compels us, to admit
along with the conception, all the axioms and principles
which it necessarily implies, and by which it produces its
effect upon our reasonings.

13. (VI.) But in order that we may make any real
advance in the discovery of truth, our ideas must not
only be clear, they must also be appropriats. Each
seience has for its basis a different class of ideas; and the
steps which constitute the progress of one science can
never be made by employing the ideas of another kind of
science. No genuine advance could ever be obtained in
mechanics by applying to the subject the ideas of space
and time merely :—no advance in chemistry by the use of
mere mechanical conceptions :—no discovery in physiology,
by referring facts to mere chemical and mechanical prin«
ciples., Mechanics must involve the conception of force ;
—chemistry, the conception of elementary composition §
—physiology, the conception of vital powers. Each
science must advance by means of its appropriate concep- -
tions. Each has its own field, which extends as far as its
principles can be applied. I have already noted the
separation of several of these fields by the divisions of the
preceding Books. The Mechanical, the Secondary Me-
chanical, the Chemical, the Classificatory, the Biological
Sciences form so many great provinces in the kingdom of
knowledge, each in a great measure possessing its own
peculiar fundamental principles. Every attempt to build
up a new science by the application of principles which
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‘belong to an old one, will lead to frivolous and barren
speculations.

This truth has been exemplified in all the instances in
which subtle speculative men have failed in their attempts
to frame new sciences, and especially in the essays of the
ancient schools of philosophy in Greece, as has already
been stated in the History of Science. Aristotle and
‘his followers endeavoured in vain to account for the
mechanical relation of forces in the lever by applying the
inappropriate geometrical conceptions of the properties of
the circle:—they failed in explaining the form of the
luminous spot made by the sun shining through a hole,
because they applied the inappropriate conception of a
circular quality in the sun’s light :—they speculated to no
purpose about the elementary composition of bodies,
because they assumed the inappropriate conception of
likeness between the elements and the compound, instead
of the genuine notion of elements merely determining the
qualities of the compound. And in like manner, in
modern times, we have seen, in the history of the funda-
mental ideas of the physiological sciences, how all the
inappropriate mechanical and chemical and other ideas
which were applied in succession to the subject failed in
bringing into view any genuine physiological truth.

14. That the real cause of the failure in the instances
above mentioned lay in the conceptions, is plain. It was
not ignorance of the facts which in these cases prevented
the discovery of the truth. Aristotle was as well ac-
quainted with the fact of the proportion of the weights
which balance on a lever as Archimedes was, although
Archimedes alone gave the true mechanical reason for
the proportion. Aristotle knew that the rays of light are
straight lines, although he was not a sufficiently just
thinker to apply the conception of rays in explaining the
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round image which the sun produces by shining through
a triangular hole*®.

With regard to the doctrine of the four elements
indeed, the inapplicability of the conception of composi-
tion of qualities, required, perhaps, to be proved by some
reference to facts. But this conception was devised at
first, and accepted by succeeding times, in & blind and
gratuitous manner, which could hardly have happened if
men had been awake to the necessary condition of our
knowledge ;—that the conceptions which we introduce
into our doctrines are not arbitrary or acoidental notions,
but certain peculiar modes of apprehension strictly deter-
mined by the subject of our speculations.

16. (VIL.) It may, however, be said that this injune-
tion that we are to employ appropriate conceptions only
in the formation of our knowledge, cannot be of practical
use, because we can only determine what ideas are appro-
priate, by finding that they truly combine the facts. And
this is to a certain extent true. Scientilic discovery
must ever depend upon some happy thought, of which we
cannot trace the origin; some fortunate cast of intellect,
rising above all rules. No maxims can be given which
inevitably lead to discovery. No precepts will elevate &
man of ordinary endowments to the level of a man of
genius: nor will an inquirer of truly inventive mind need
to come to the teacher of inductive philosophy to learn
how to exercise the faculties which nature has given him.
Buch persons as Kepler or Fresnel, or Brewster, will have

* The Edinburgh Reviewer of my History (£d. Rev. No. cxxxiii.,
p. 118,) thinks that Aristotle committed this error because he did not
try the experiment under vatious forms. Yet he cannot but allow
that the result follows by mere geometrical reasoning, without any
experiment, from the fact which Aristotle did know, that the rays of
light are straight lines. Is the Reviewer's mind in that stage of spe-
culation in which the truths of geometry are considered as best proved
experimentally ?
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their powers of discovering truth little augmented by any
injunctions respecting distinct’ and appropriate ideas;
and such men may very naturally question the utility of
rules altogether.

16. But yet the opinions which such persons may
entertain, will not lead us to doubt concerning the value
of the attempts to analyse and methodize the process of
discovery. Who would attend to Kepler if he had main-
tained that the speculations of Francis Bacon were
worthless? Notwithstanding what has been said, we
may venture to assert that the maxim which points out
the necessity of ideas appropriate as well as clear, for
the purpose of discovering truth, is not without its use.
It may, at least, have a value as a caution or prohibition,
and may thus turn us away from labours certain to be
fruitless. We have already seen that this maxim, if duly
attended to, would have at once condemned as wrongly
directed the speculations of physiologists of the mathema-
tical, mechanical, chemical, and vital-fluid schools; since
the ideas which the teachers of these schools introduce,
cannot suffice for the purposes of physiology, which seeks
truths respecting the vital powers. Again, it is clear
from similar considerations that no definition of a mine-
ralogical species by chemical characters alone can answer
the end of science, since we seek to make mineralogy,
not an analytical but a classificatory science®*. Even
before the appropriate conception is matured in men’s
minds so that they see clearly what it is, they may still
have light enough to see what it is not.

17. (VIIL) Another result of this view of the neces-
sity of appropriate ideas, combined with a survey of the

* This agrees with what M. Necker has well observed .in hia
“ Régne Mineral,” that those who have treated mineralogy as a merely
chemical science, have substituted the analysis of substances for the
classification of individuals. See abéve, b. viil. chap. 3. p. 808.
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history of science is, that though for the most part, as we
shall see, the progress of Bcience consists in accumulating
and combining facts rather than in debating concerning
definitions; there are still certain periods when the dis-
cussion of Definitions may be the most useful mode of cul-
tivating some special branch of science. This discussion
is of course always to be conducted by the light of facts;
and as has already been said, along with the settlement
of every good Definition will occur the corresponding
establishment of some Proposition. But still at particular
periods, the want of a Definition, or of the clear concep-
tions which Definition supposes, may be peculiarly felt.
A good and tenable Definition of Species in mineralogy
would at present be perhaps the most important step
which the science could make. A just conception of the
nature of life, (and if expressed by means of a Definition
so much the better,) can hardly fail to give its possessor
an immense advantage in the speculations which now
come under the consideration of physiologists. And con-
troversies respecting Definitions, in these ‘cases and such
as these, may be very far from idle and unprofitable.

Thus the knowledge that clear and appropriate ideas
are requisite for discovery, although it does not lead to
any very precise precepts or supersede the value of
natural sagacity and inventiveness, may still be of use to
us in our pursuit after truth. It may show us what eourse’
of research is, in each stage of science, recommended by
the general analogy of the history of knowledge; and it
may both save us from hopeless and barren paths of
speculation, and make us advance with more courage and
confidence, to know that we are looking for discoveries
in the manner in which they have always hitherto been
made.

18. (IX.) Another consequence follows from the
views presented in this Chapter, and it is the last I shall
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at. present mention. No scientific discovery can, with
any justice, be considered due to accident. In whatever
manner facts may be presented to the notice of a dis-
coverer, they can never become the materials of exact
knowledge, except they find his mind already provided

with precise and suitable conceptions by which they may

be analysed and connected. Indeed, as we have already
seen, facts cannot be observed as facts, except in virtue
of the conceptions which the observer* himself uncon-
sciously supplies; and they are not facts of observation
for any purpose of discovery, except these familiar and
unconscious acts of thought be themselves of a just and
precise kind. But supposing the facts to be adequately
observed, they can never be combined into any new truth,
except by means of some new conceptions, clear and ap-
propriate, sueh as I have endeavoured to characterize.
‘When the observer's mind is prepared with such instru-
ments, a very few facts, or it may be a single one, may
bring the process of discovery into action. But in such
cases, this previous condition of the intellect, and not the
single fact, is really the main and peculiar cause of the
success. The fact is merely the occasion by which the
engine of discovery is brought into play sooner or later.
It is, a8 I have elsewhere said, only the spark which dis-
charges a gun already loaded and pointed; and there is
little propriety in speaking of such an accident as the.
cause why the bullet hits the mark. If it were true that
the fall of an apple was the occasion of Newton’s pursu-
ing the train of thought which led to the doctrine of
universal gravitation, the habits and constitution of New-
ton’s intellect, and not the apple, were the real source of
this .great event in the progress. of knowledge. The
common love of the marvellous, and the vulgar desire to
bring down the greatest achievements of genius to our

*B.i.c2
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own level, may lead men to ascribe such results to any
casual ciroumstances which accompany them; but no one
who fairly congiders the real nature of great discoveries,
and the intellectual processes which they involve, can
seriougly hold the opinion of their heing the effect of
accident.

19. Such accidents never happen to sommon men.
Thousands of men, even of the most inquiring and spe-
~ oulative men, had seen hodiea fall; but who, except

Newton, ever followed the accident to such consequenoces ¢
And in fact, how little of his train of thought was con-
tained in, or even directly suggested by, the fall of the
apple! If the apple fall, said the discoverer, why should
not the moon, the planets, the satellites fall? DBut how
much previoys thought, what a steady conception of the
_universality of the laws of motion gathered from other
sources, were requigsite, that the inquirer should see any
connexion in these cases! Was it by accident that he
saw in the apple an image of the moon, and of every
bedy in the solar system ?

20. The same observations may be made with regard
to the other cases which are sometimes adduced as ex-
smples of accidental discovery. It has been said*, “By
the accidental placing of a rhomb of calcareous spar upon
a book or line Bartholinus diseovered the property of the
Double Refraction of light.” But Bartholinus could have
seen no sueh consequence in the accident if he bad not
previously had a clear conception of single r¢fraction. A
lady, in describing an optical experiment which had been
shown her, said of her teacher, “ He told me to increase
and diminish the angle of refraction, and at last 1 found
that he only meant me to move my head up and down.”
At any rate, till the lady had acquired the notions which
the technical terms convey, she could not have made

* Ed. Rer., No, cxxxiii., p. }21.
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Bartholinus’s discovery by means of his accident. «By
accidentally combining two rhombs in different positions,”
it is added®, “Huyghens discovered the Polarization of
Light.” Bupposing that this experiment had been made
without design, what Huyghens really ohserved, was that
the images appeared and disappeared alternately as he
turned the rhombs round. But was it an easy or an
obvious business to analyse this curious alternation into
the circumstances of the rays of light having sides, as
Newton expressed it, and into the additional hypotheses
which are implied in the term polarization? Those will
be able to answer this question who have found how far
from easy it is to understand clearly what is meant by
polarigation in this case, now that the property is fully
established. Huyghens'’s success depended on his clear-
ness of thought, for this enabled him to perform the intel-
lectual analysis, which never would have ocourred to
most men, however often they had ¢accidentally com.
bined two rhombs in different positions.” ¢ By acciden~
tally looking through a prism of the same substanee, and
turning it round, Malus discovered the polarization of
light by reflection.” Malus saw that, in some positions,
the light reflected from the windows of the Louvre thus
seen through the prism, became dim. Another man
would Lave supposed this dimness the result of accident ;
but his mind was differently constituted and disciplined.
He considered the position of the window, and of the
prism; repeated the experiment over and over; and in
virtue of the eminently distinct conceptions of space which
he possessed, resolved the phenomena into its geometrical
conditions. A believer in accident would not have
sought them; a person of less clear ideas would not have
found them. A person must have a strange confidence
in the virtue of chance, and the worthlessness of intellect,

* Ed. Rev., No. cxxxiii., p. 121.
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who can say¥, even in the heat of debate, or the reckless-
ness of anonymous criticism, that “in all these funda-
mental discoveries appropriate ideas had no share,” and
that the discoveries “ might have been made by the most
ordinary observers.”

21. I have now, I trust, shown in various ways, how
the Eaplication of Conceptions, including in this term
their clear development from Fundamental Ideas in the
discoverer’s mind, as well as their precise expression in
the form of Definitions or Axioms, when that can be
done, is an essential part in the establishment of all exact
and general physical truths. In doing this, I havee ndea-
voured to explain in what sense the possession of clear
and appropriate ideas is a main requisite for every step .
in scientific discovery. That it is far from being the only
step, I shall soon have to show; and if any obscurity
remain on the subject treated of in the present chapter,
it will, I hope, be removed when we have examined the .
other elements which enter into the constitution of our
knowledge.

CuartER III.
OF FACTS AS THE MATERIALS OF SCIENCE.

‘WE have now to examine how science is built up
by the combination of facts. In doing this, we suppose
that we have already obtained a supply of definite and
certain facts, free from obscurity and doubt. We must,
therefore, first consider under what conditions facts can
assume this character.

* This is said by the Edinburgh Reviewer of my History, in an
attempt to disprove the necessity of clear and appropriate ideas for
discovery. [Ed. Rev., No, cxxxiii., p. 122.
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When we inquire what facts are to be made the
materials of science, perhaps the answer which we should
most commonly receive would be, that they must be #rue
Jacts, as distinguished from any mere inferences or opi-
nions of our own. We should probably be told that we
must be careful in.such a case to consider as facts only
what we really observe: that we must assert only what
we see; and believe nothing except upon the testimony
of our senses, :

But such maxims are far from being easy to apply, as
a little examination will convince us.

1. It bas been explained in the preceding part of
this work that all perception of external objects and
occurrences involves an active as well as a passive pro-
cess of the mind ;—includes not only sensations, but also
ideas by which sensations are bound together, and have a
unity given to them. From this it follows that there is
a difficulty in separating in our perceptions what we
receive from without, and what we ourselves contribute
from within ;—what we perceive, and what we infer. In
many cases, this difficulty is obvious to all: as, for
example, when we witness the performances of a juggler
or a ventriloquist. In these instances we imagine our-
selves to see and to hear what certainly we do not see
and hear. The performer takes advantage of the habits
by which our minds supply interruptions and infer con»
nexions; and by giving us fallacious indications, he leads
us to perceive as an actual fact, what does not happen
at all. In these cases it is evident that we ourselves
assist in making the fact; for we make one which does
not really exist. In other cases, though the fact which
we perceive be true, we can easily see that a large por-
tion of the perception is our own act; as when from the
sight of a bird of prey we infer a carcass, or when we

VOL. II o
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read a half-obliterated inscription. In the latter case,
the mind supplies the meaning, and perhaps half the
letters; yet we do not hesitate to say that we sactually
read the inscription. Thus, in many cases, our own
inferences and interpretations enter into our facts. But
this happens in many instances in which it is at first
sight less obvious. When any one has seen an oak-tree
blown down by a strong gust of wind, he does not think
of the occurrence any otherwise than as a fact of which
he is assured by his senses. Yet by what sense does he
perceive the force which he thus supposes the wind to
exert? By what sense does he distinguish an oak-tree
from all other trees? It is clear upon reflection, that in
such a case, his own mind supplies the conception of
extraneous impulse and pressure, by which he thus inter-
prets the motions observed, and the distinction of dif-
ferent kinds of trees according to which he thus names
the one under his notice. The idea of force, and the
idea of definite resemblances and differences, are thus
combined with the impressions on our senses, and form
an undistinguished portion of that which we consider as
the fact. And it is evident that we can in no other way
perceive force, than by seeing motion; and cannot give
& name to any object without not only seeing a differ
ence of single objects, but supposing a difference of classes
of objects. When we speak as if we saw impulse and
attraction, things and classes, we really see only objects
of various forms and colours, more or less numerous,
variously combined. But do we really perceive so much
88 this? When we see the form, the size, the number,
the motion of objects, are these really mere impressions
on our senses, unmodified by any contribution or ope-
ration of the mind itself? A very little attention will
suffice to convince us that this is not the case. When
we see & windmill turning, it may happen, as we have
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elsewhere noticed®, that we mistake the direction in
which the sails turn: when we look at certain diagrams,
they may appear either convex or concave: when we see
the moon first in the horizon and afterwards high up in the
sky, we judge her to be much larger in the former than in
the latter position, although to the eye she subtends the
same angle. And in these cases and the like, it has been
seen that the error and oonfusion which we thus incur
arise from the mixture of acts of the mind itself with
impressions on the senses. But such acts are, as we
have also seen, inseparable portions of the process of per-
ception. A certain activity of the mind is involved, not
only in seeing objects erroneously, but in seeing them
at all. With regard to solid objects, this is generally
acknowledged. When we seem to see an edifice occu-
pying space in all dimensions, we really see only a repre-
sentation of it as it appears referred by perspective to a
surface. ‘The inference of the solid form is an operation
of our own, alike when we look at & reality and when we
look at a picture. But we may go further. Is plane
figure really a mere sensation? If we look at a decagon,
do we see at once that it has ten sides, or is it not neces-
sary for us to count them: and is not counting an act of
the mind? All objects are seen in spaee; all objects are
seen as one or many: but are not the idea of space and’
the idea of number requisite in order that we may thus
apprehend what we see? That these ideas of space and
number involve a connexion derived from the mind and
not from the senses, appears, a8 we have already seen,
from this, that those ideas afford us the materials of uni«
versally and neceseary truths: such truths as the senses
cannot poesibly supply. And thus even the perception’
of such facts as the size, shape, and number of objeets,
cannot be said to be impressions of sense, distinct from
Vol. i. p. 112. .
02
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all acts of mind, and cannot be expected to be free from
error on the ground of their being mere observed facts.

Thus the difficulty which we have been illustrating,
of distinguishing facts from inferences and from interpre-
tations of facts, is not only great, but amounts to an
impossibility. The separation at which we aimed in the
outset of this discussion, and which was supposed to te
necessary in order to obtain a firm groundwork for
science, is found to be unattainable. We cannot obtain
a sure basis of facts by rejecting all inferences and judg-
ments of our own, for such inferences and judgments
form an unavoidable element in all facts. . We cannot
exclude our ideas from our perceptions, for our percep-
tions involve our ideas.

2. But still it cannot be doubted that in selecting
the facts which are to form the foundation of science, we
must reduce them to their most simple and certain form;
and must reject everything from which doubt or error
may arise. Now since this, it appears, cannot be done,
by rejecting the ideas which all facts involve, in what
manner are we to conform to the obvious maxim that the
facts which form the basis of science must be perfectly
definite and certain ?

. The analysis of facts into Ideas and Sensations, which

we have so often referred to, suggests the answer to this
inquiry. We are not able, nor need we endeavour, to
exclude ideas from our facts, but we may be able to dis-
cern, with perfect distinctness, the ideas which we include.
We cannot observe any phenomena without applying to
them such ideas as space and number, cause and resem-
blance, and usually several others; but we may avoid
applying these ideas in a wavering or obscure manner,
and confounding ideas with one another. We cannot read
any of the inscriptions which nature presents to us, with-
out interpreting them by means of some language which
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we ourselves are accustomed to speak, but we may make
it our business to acquaint ourselves perfectly with the
language - which we thus employ, and to interpret it
according to the rigorous rules of grammar and analogy.

" This maxim, that when facts are employed as the
basis of science, we must distinguish clearly the ideas
which they involve, and must apply these in a distinct
and rigorous manner, will be found to be a more precise
guide than we might perhaps at first expect. We may
notice one or two Rules which flow from it.

8. In the first place, facts, when used as the materials
of physical science, must be referved to conceptions of the
intellect only, ell emotions of fear, admiration, and the
like, being rejected or subdued. Thus the observations of
phenomena which are related as portents and prodigies,
striking terror and boding evil, are of no value for pur-
poses of science. The tales of armies seen warring in
the sky, the sound of arms heard from the clouds, fiery
dragons, chariots, swords seen in the air, may refer to
meteorological phenomena; but the records of pheno-
mena observed in the state of mind which these descrip-
tions imply can be of no scientific value. We cannot
make the poets our observers.

Armorum sonitum toto Germania ocelo
Audiit ; insolitis tremuerunt motibus Alpes.
Vox quoque per lucos vulgo exaudita silentes
Ingens, et simulacra modis pallentia miris
Visa sub obscuram noctis: pecudesque locutes.

The mixture of fancy and emotion with the observation
of facts has often disfigured them to an extent which
is too familiar to all to need illustration. We have an
. example of this result in the manner in which Comets
are described in the treatises of the middle ages. In
such works, these bodies are regularly distributed into
several classes, accordingly as they assume the form of a
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sword, of a spear, of a cross, and so on. When such
resemblances had become matters of interest, the impres-
sions of the senses were governed, not by the rigorous
conceptions of form and colour, but by these assumed
images; and under these circumstances we can attach
little value to the statement of what was seen.

In all such phenomena, the reference of the ohjects
to the exact ideas of space, number, position, motion, and
the like, is the first step of science: and accordingly, this
reference was made at an early period in those sciences
which made an early progress, as, for instance, astronomy.
Yet even in astronomy there appears to have been a
period when the predominant conceptions of men in
regarding the heavens and the stars pointed to mythical
story and supernatural influence, rather than to mere
relations of space, time, and motion: and of this primeval
condition of those who gazed at the stars, we seem to
have remnants in the constellations, in the mythological
names of the planets, and in the early prevalence of astro-
logy. It was only at a later period, when men had begun
to measure the places, or at least to count the revolutions
of the stars, that astronomy had its birth.

4. And thus we are led to another Rule :—that in
collecting facts which are to be made the basis of science,
the facts are to be observed, as far as possible, with refer-
ence to place, figure, number, motion, and the like concep-
tions; which depending upon the ideas of space and
time, are the most universal, exact, and simple of our con-
ceptions. It was by early attention to these relations in
the case of the heavenly bodies, that the ancients formed
the science of astronomy : it was by not making precise

observations of this kind in the case of terrestrial bodies,

that they failed in framing a science of the mechanics of
motion. They succeeded in optics as far as they made
ebservations - of this nature; but when they ceased to
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trace the geometrical paths of rays in the actual experi-
ment, they ceased to go forwards in the knowledge of
this subject.

5. But we may state a further Rule :—that though
these relations of time and space are highly important in
almost all facts, we are not to confine ourselves to these;
but. are to consider the phenomena with reference fo
obher conceptions also: it being always understood that
these conceptions are to be made as exact and rigorous
as those of geometry and number. Thus the science of
Harmonies arose from considering sounds with reference
to conoords and discords; the science of Mechanics arose
from mot only observing motions as they take place in
time and space, but further, referring them to jforce as
their caysse. And in like manner other sciences depend
upon other Ideas, which, as I have endeavoured to show,
are not less fandamental than those of time and space;
and like them, eapable of leading to rigorous conse~
quences.

6. Thus the facts which we assume as the basis of
seience are to be freed from all the mists which imagina.
tion and pession throw round them ; and to be separated
into those elementary facts which exhibit simple and
evident relations of Time, or Space, or Cause, or some
other ideas equally clear. We resolve the complex ap-
pearances which nature offers to us, and the mixed and
manifold modes of looking at these appearances which
rise in our thoughts, into limited, definite, and clearly-
understood portions. This process we may term the
Decomposition of Facts. 1t is the beginning of exact
knowledge,~—the first step in the formation of all science.
This decomposition of facts into elementary facts, clearly
understood and surely ascertained, must precede all dis-
covery of the laws of nature.

7. But though this step is necessary, it is not mﬁnlhbly
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sufficient. It by no means follows that when we have
thus decomposed facts into elementary truths of observa-
tion, we shall soon be able to combine these so as to
obtain truths of a higher and more speculative kind. We
have examples which show us how far this is from being
a necessary consequence of the former step. Observa-
tions of the weather, made and recorded for many years,
have not led to any general truths, forming a science of
Meteorology: and although great numerical .precision has
been given to such observations by means of barometers;
thermometers, and other instruments, still no general laws
regulating the cycles of change of such phenomena have
yet been discovered. In like manner the faces of crys-
tals, and the sides of the polygons which these crystals
form, were counted, and thus numerical facts were ob-
tained, perfectly true and definite, but still of no value
for purposes of science. And when it was discovered
what element of the form of crystals it was important to
observe and measure, namely, the angle made by two
faces with each other, this discovery was a step of a higher
order, and did not belong to that department, of mere
exact observation of manifest facts, with which we are
here concerned. '

8. When the complex facts which nature offers to us
are thus decomposed into simple facts, the decomposition,
in general, leads to the introduction of ferms and phrases,
more or less technical, by which these simple facts are
described. Thus when astronomy was thus made a science
of measurement, the things measured were soon described
a8 hours, and days, and cycles, dltitude and declination,
phases and aspects. In the same manner in music, the
concords had names assigned them, as diapente, diatessaron,
diapason ; in studying optics, the rays of light were
spoken of as having their course altered by reflection and
refraction; and when useful observations began to be
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made in mechanics, the observers spoke of force, pressure,
momenium, inertia, and the like.

When we take phenomena in which the leading idea
is Resemblance, and resolve them into precise component
facts, we obtain some kind of classification; as, for in-
stance, when we lay down certain rules by which partis
cular trees, or particular animals are to be known. This
is the earliest form of natural history; and the classifica-
tion which it involves is that which corresponds, nearly
or exactly, with the usual names of the objects thus
classified.

9. Thus the first attempts to render observation certain
and exact, lead to a decomposition of the obvious facts
into elementary facts, connected by the ideas of space,
time, number, cause, likeness, and others: and into a classi-
fication of the simple facts, more or less just, and marked
by names either common or technical. Elementary facts,
and individual objects, thus observed and classified, form
the materials of science; and any improvement in classi-
fication or nomenclature, or any discovery of a connexion
among the materials thus accumulated, leads us fairly
within the precincts of science. We must now, there-
fore, consider the manner in which science is built up of
such materials ;—the process by which they are brought
into their places, and the texture of the bond which
unites and cements them.

CaarTER IV.

OF THE COLLIGATION OF FACTS.

Facrts such as the last chapter speaks of are, by means
of such conceptions as are described in the preceding
chapter, bound together so as to give rise to those gene-
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ral propositions of which sciencé consists. Thus the facts
that the planets revolve about the sun in certain periodie
times and at certain distances, are included and connected
in Kepler's law by means of such conceptions as the
squares of numbers, the cubes of distances, and the propor-
tionality of these quantities. Again the existence of this
proportion in the motions of any two planets, forms e set
of facts which may all be combined by means of the
conception of a certain central accelerating force, as was
proved by Newton. The whole of our physical knowledge
consists in the establishment of such propositions; and in
all such casee facts are bound together by the aid of suit-
able conceptions. This part of the formation of our
knowledge we have called the Colligation of Facts: and
we may apply this term to every case in which, by an act
of the intellect, we establish a precise connexion among
the phenomena which are presented to our senses. The
knowledge of such connexions, accumulated and syste-
matired, is Science. On the steps by which science is
thus collected from phenomena we shall proceed now to
make a few remarks.

1. Science begins with common observation of facts,
in which we are not conscious of any peculiar discipline
or habit of thought exercised in observing. Thus the
common perceptions of the appearances and recurrences
of the celestial luminaries, were the first steps of astro-
nomy: the obvious cases in which bodies fall or are
supported were the beginning of mechanics; the familiar
aspects of visible things were the origin of optics; the
usual distinctions of well-known plants first gave rise to
botany. Facts belonging to such parts of our knowledge
are noticed by us, and accumulated in our memories in
the common course of our habits, almost withont our
being aware that we are observing and collecting facts.
Yot such facts may lead to many scientific truths; for
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instance, in the first stages of Astronomy (a8 we have shown
in the History) such facts lead to Methods of Intercalation
and Rules of the Recurrence of Eolipses. In succeeding
stages of science, more especial attention and preparation
on the part of the observer, and a selection of certain
kinds of facts, becomes necessary; but there is an early
period in the progress of knowledge at which man is a
physical philosopher without seeking to be so, or being
aware that he is so.

2. But in all stages of the progress, even in that
early one of which we have just spoken, it is necessary,
in order that the facts may be fit materials of any know-
ledge, that they should be decomposed into elementary
facts, and these observed with precision. Thus in the first
infancy of astronomy, the recurrence of phases of the
moon, of places of the sun’s rising and setting, of planets,
of eclipses, was observed ta take place at intervals of cere
tain definite numbers of days and in a certain exact order;
and thus it was that the observations became portions of
astronomical science. In other cases, although the facts
were equally numerous, and their general aspect equally
familiar, they led to no science, because their exact cir-
cumstances were not apprehended. .A vague and loose
mode of looking at facts very easily observable, left men
for a long time under the belief that a body ten times as
heavy as another falls ten times as fast;—that objects
fmmersed in water are always magnified, without regard
to the form of the surface ;—that the magnet exerts an
irresistible force ;—that crystal is always found associated
with ice;~—and the like. These and many others are
examples how blind and careless man can be, even in
observation of the plainest and commonest appearances;
and they show us that the mere faculties of perception,
although constantly exercised upon innumerable objects,
may long fail in leading to any exact knowledge.
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3. If we further inquire what was the favourable con-
dition through which some special classes of facts were,
from the first, fitted to become portions of science, we
shall find it to have been principally this;—that these
facts were considered with reference to the ideas of time,
number, and space, which are ideas possessing peculiar
definiteness and precision; so that with regard to them
confusion and indistinctness are hardly possible. The
interval from new moon to new moon was always a par-
ticular number of days: the sun in his yearly course rose
and set near to a known succession of distant objects:
the moon’s path passed among the stars in a certain order:
—these are observations in which mistake and obscurity
are not likely to occur, if the smallest degree of attention
is bestowed upon the task. To count a number is,
from the first opening of man’s mental faculties, an ope-
ration which no science can render more precise. - The
relations of space are nearest to those of number in
obvious and universal evidence. Sciences depending upon
these ideas arise with the first dawn of intellectual civili-
zation. But few of the other ideas which man employs
in the acquisition of knowledge possess this clearness in
their common use. The idea of resemdlance may be
noticed as coming next to those of space and number in
original precision; and the idea of cause, in a certain
more vague and general mode of application, sufficient
for the purposes of common life, but not for the ends of
science, exercises a very extensive influence over men’s
thoughts. But the other ideas on which scitnce depends,
with the conceptions which arise out of them, are not
nnfolded till a much later period of intellectual progress;
and therefore, except in such limited cases as I have
noticed, the observations of common spectators and uncul-
tivated nations, however numerous or varied, are of little
or no effect in giving rise to science. :
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4. Let us now suppose that, besides common every-
day perception of facts, we turn our attention to some
other occurrences and appearances, with a design of ob-
taining from them speculative knowledge. This process
is more peculiarly called observation, or, when we our-
selves occasion the facts, ezperiment. But the same re-
mark which we have already made, still holds good here.
These facts can be of no value except they are resolved
into those exact conceptions which contain the essential
circumstances of the case. They must be determined, not
indeed necessarily, as has sometimes been said, “accord-
ing to Number, Weight, and Measure;” for, as we have
endeavoured to show in the preceding Books *, there are
many other conceptions to which phenomena may be
subordinated quite different from these, and yet not at
all less definite and precise. But in order that the facts
obtained by observation and experiment may be capable
of being used in furtherance of our exact and solid know-
ledge, they must be apprehended and analysed according
to some conceptions which, applied for this purpose, give
distinct and definite results, such as can be steadily taken
hold of and reasoned from; that is, they must be referred
to clear and appropriate ideas, according to the manner
in which we have already explained this condition of the
derivation of our knowledge. The phenomena of light,
when they are such as to indicate sides in the ray, must
be referred to the conception of polarization ; the pheno-
mena of mixture, when there is an alteration of qualities
as well as quantities, must be combined by a conception
of elementary composition. And thus when mere position,
and number, and resemblance, will no longer answer the
purpose of enabling us to connect the facts, we call
in other ideas, in such cases more efficacious, though
less obvious.

* Books v., vi., Vii., viii,, ix.,, x. . -
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6. But how are we in these cases to discover such
ideas, and to judge which will be efficacious, in leading to
a scientific combination of our experimental data? To
this question we must in the first place answer, that the
first and great instrument by which facts, so observed
with a view to the formation of exact knowledge, are
combined into important and permanent truths, is that
peculiar sagacity which belongs to the genius of a dis-
coverer; and which, while it supplies those distinot
and appropriate conceptions which lead to its success,
cannot be limited by rules, or expressed in definitions.
It would be difficult or impossible to describe in words
the habits of thought which led Archimedes to refer the
conditions of equilibriumi on the lever to the conception
of pressure, while Aristotle could not see in them anything
more than the results of the strangeness of the properties
of the circle;—or which impelled Pascal to explain by
means of the conception of the weight of air the fact
which his predecessors had connected by the notion of
nature’s horror of a vacuum ;—or which caused Vitellio
and Roger Bacon to refer the magnifying power of a
convex lens to the bending of the rays of light towards
the perpendicular by refraction, while others conceived
the effect to result from the matter of medium, with no
consideration of its form. Theee are what are commonly
spoken of as felicitous and inexplicable strokes of in-
ventive talent; and such, no doubt, they are. No rules
can ensure to us similar success in new cages; or can
enable men who do not possess similar endowments to
make like advances in knowledge.

6. Yet still we may do something in tracing the
process by which such discoveries are made; and this it
is here our business to do. Ve may observe that these,
and the like discoveries, are not improperly described as
happy guesses; and that guesses, in these as in other
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instances, imply various suppositions made, of which some
one turns out to be the right one. We may, in such cases,
conceive the discoverer as inventing and trying many
conjectures, till he finds one which answers the purpose
of combining the scattered facts into a single rule. The
discovery of general truths from special facts is performed,
commonly at least, and more commonly than at first ap-
pears, by the use of a series of suppositions, or Aypotheses,
which are looked at in quick succession, and of which the
one which really leads to truth is rapidly detected, and
when caught sight of, firmly held, verified, and followed
to its consequences. In the minds of most discoverers,
this process of invention, trial, and acceptance or rejection
of the hypothesis, goes on go rapidly that we cannot trace -
it in its successive steps. But in some instances we can
do s0; and we can also see that the other examples of
discovery do not differ essentially from these. The same
intellectual operations take place in other cases, although
this often happens so instantaneously that we lose the
trace of the progression. In the discoveries made by
Kepler, we have a curions and memorable exhibition of
this process in its details. Thanks to his communicative
disposition, we know that he made nineteen hypotheses
with regard to the motion of Mars, and calculated the
results of each, before he established the true doctrine,
that the planet’s path is an ellipse. We know, in like
manner, that Galileo made wrong suppositions respecting
the laws of falling bodies, and Mariotte, concerning the
motion of water in a siphon, before they hit upon the
correct view of these cases.

7. But it has very often happened in the history of
science, that the erromeous hypotheses which preceded
the discovery of the truth have been made, not by the
discoverer himself, but by his precursors; to whom he
thus owed the service, often an important one in such
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cases, of exhausting the most tempting forms of error.
Thus the various fruitless suppositions by which Kepler
endeavoured to discover the law of refraction, led the
way to its real detection by Snell; Kepler's numerous
imaginations concerning the forces by which the celestial
motions are produced,—his “physical reasonings” as he
termed them,—were a natural prelude to the truer physi-
cal reasonings of Newton. The various hypotheses by
which the suspension of vapour in air had been explained,
and their failure, left the field open for Dalton with his
doctrine of the mechanical mixture of gases. In most
cases, if we could truly analyse the operation of the
thoughts-of those who make, or who endeavour to make
- discoveries in science, we should find that many more
suppositions pass through their minds than those which
are expressed in words; many a possible combination of
conceptions is formed and soon rejected. There is a con-
stant invention and activity, a perpetual creating and
selecting power at work, of which the last results only
are exhibited to us. Trains of hypotheses are called up
and pass rapidly in review; and the judgment makes its
choice from the varied group.

8. It would, however, be a great mistake to suppose
that the hypotheses, among which our choice thus lies,
are constructed by an enumeration of obvious cases, or
by a wanton alteration of relations which occur in some
first hypothesis. It may, indeed, sometimes happen that
the proposition which is finally established is such as may
be formed, by some slight alteration, from those which
are justly rejected. Thus Kepler's elliptical theory of
Mars’s motions involved relations of lines and angles much
of the same nature as his previous false suppositions: and
the true law of refraction so much resembles those erro-
neous ones which he tried, that we cannot help wondering
how he chanced to miss it. But it more frequently
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happens that new truths are brought into view by the appli-
cation of new ideas, not by new modifications of old ones.
The cause of the properties of the lever was learnt, not
by intreducing any new geometrical combination of lines
and circles, but by referring the properties to genuine
mechanical conceptions. When the motions of the pla-
nets were to be explained, this was done, not by merely
improving the previous notions, of cycles of time, but by
introducing the new conception of epicycles in space.
The doctrine of the four simple elements was expelled,
not by forming any new scheme of elements which should
impart, according to new rules, their sensible qualities to
their compounds, but by considering the elements of bodies
as neutralizing each other. The fringes of shadows could
not be explained by ascribing new properties to the single
rays of light, but were reduced to law by referring them
to the interference of several rays.

Since the true supposition is thus very frequently
something altogether diverse from all the obvious con-
jectures and combinations, we see here how far we are
from being able to reduce discovery to rule, or to give
any precepts by which the want of real invention and
sagacity shall be supplied. We may warn and encourage
these faculties when they exist, but we cannot create
them, or make great discoveries when they are absent. °

9. The conceptions which a true theory requires are
very often clothed in a Aypothesis which connects with them
several superfluous and irrelevant circumstances. Thus
the conception of the polarization of light was originally.
represented under the image of particles of light having
their-poles all turned in the same direction. The laws of
heat may be made out perhaps most conveniently by con-
ceiving heat to be a fluid. The attraction of gravitation
might have been successfully applied to the explanation of
facts, if Newton had throughout treated attraction as the

VOL. II P
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result of an ether diffused through space; a supposition
which he has noticed as a possibility. The dooctrine of
definite and multiple proportions may be conveniently
expressed by the hypothesis of atoms. In such cases the
bypothesis may serve at first to facilitate the introduction
of & new conception. Thus a pervading ether might fora
time remove a difficulty, which some persons find consider-
able, of imagining a body to exert force at a distance. A
particle with poles is more easily conceived than polariza-
tion in the abstract. And if hypotheses thus employed will
really explain the facts by means of a few simple assump-
tions, the laws may afterwards be reduced to a simpler
form than that in which they were first suggested, The
general laws of heat, of attraction, of polarization, of
multiple proportions, are now certain, whatever image we
may form to ourselves of their ultimate causes.

10. In order, then, to discover scientific truths,
suppositions consisting either of new conceptions, or of
new combinations of old ones, are to be made, till we
find one which succeeds in binding together the facts.
But how are we to find this? How is the trial to be
made? What is meant by success in these cases? To
this we reply, that our inquiry must be, whether the
facts have the same relation in the hypothesis which
they have in reality ;—whether the results of our sup-
positions agree with the phenomena which nature pre-
sents to us. For this purpose we must both carefully
observe the phenomens, and steadily trace the conse-
quences of our assumptions, till we can bring the two
into comparison. The Conceptions which our hypotheses
involve, being derived from certain Fundamental Ideas,
afford a basis of rigorous reasoning, as we have shown in
the Books respecting those Ideas. And the results to
which this reasoning leads will be susceptible of being
verified or contradicted by observation of the facts.
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Thus the Epicyclical Theory of the Moon, once assumed,
determined what the moon’s place among the stars ought
to be at any given time, and could therefore be tested by
actually observing the moon’s places. The doctrine that
musical strings of the same length stretohed with weights
of 1, 4, 9, 16, would give the musical intervals of an
octave, a fifth, a fourth, in succession, could be put to the
trial by any one whose ear was capable of appreciating
those intervals: and the inference which follows from
this doctrine by numerical reasoning,—that there must be
certain imperfections in the concords of every musical
scale,—could in like manner be confirmed by trying various
modes of Zemperament. In like manner all received
theories in science, up to the present time, have been
established by taking up some supposition, and comparing
it, directly or by means of its remoter consequences,
with the facts it was intended to embrace. Its agree-
* ment, under oertain cautions and conditions, of which
we may hereafter speak, is held to be the evidence of
its truth. It answers its genuine purpose, the colligation
of facts. :

11. When we have, in any suhject, succeeded in one
attempt of this kind, and obtained some true bond of unity
by which the phenomena are held together, the suhbject is
open to further prosecution; which ulterior process may,
for the most part, be conducted in a more formal and tech~
nical manner. The first great outline of the subject is
drawn; and the finishing of the resemblance of nature
demands a more minute pencilling, but perhaps requires
less of genius in the master. In the pursuance of this
task, rules and precepts may be given, and features and
leading circumstances pointed out, of which it may often
be useful to the inquirer to be aware.

Before proceeding further, I shall speak of some cha-
racteristic marks which belong to such scientific processes

P2
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as are now the subject of our consideration, and which
may sometimes aid us in determining when the task has
been rightly executed.

CHAPTER V.

OF CERTAIN CHARACTERISTICS OF SCIENTIFIC
INDUCTION.

1. THE two operations spoken of in the preceding
chapters,—the Explication of the Conceptions of our own
minds, and the Colligation of observed Facts by the aid
of such Conceptions,—are, as we have just said, insepa-
rably connected with each other. When united, and
employed in collecting knowledge from the phenomena
which the world presents to us, they constitute the mental
process of Induction; which is usually and justly spoken
of as the genuine source of all our real general knowledge
respecting the external world. And we see, from the
preceding analysis of this process into its two constitu-
ents, from what origin it derives each of its characters.
It is real, because it arises from the combination of real
facts, but it is general, because it implies the possession
of general ideas. Without the former, it would not be
knowledge of the external world; without the latter, it
would not be knowledge at all. When Ideas and Facts
are separated from each other, the neglect of facts gives
rise to empty speculations, idle subtleties, visionary inven-
tions, false opinions concerning the laws of phenomena,
disregard of the true aspect of nature: while the want of
ideas leaves the mind overwhelmed, bewildered, and stu-
pified by particular sensations, with no means of connect-
ing the past with the future, the absent with the present,
the example with the rule; open to the impression of all
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appearances, but capable of appropriating none. Ideas are
the Form, facts the Material, of our structure. Knowledge
does not consist in the empty mould, or in the brute
mass of matter, but in the rightly-moulded substance.
Induction gathers general truths from particular facts ;—
and in her harvest, the corn and the reaper, the solid ears
and the binding band, are alike requisite. All our know-
ledge of nature is obtained by Induction; the term being
understood according to the explanation we have now
given. And our knowledge is then most complete, then
most truly deserves the name of Science, when both its
elements are most perfect ;—when the Ideas which have
been concerned in its formation have, at every step, been
elear and consistent ;—and when they have, at every step
also, been employed in binding together real and certain
Facts. Of such Induction I have already given so many
examples and illustrations in the two preceding chapters,
that I need not now dwell further upon the subject.

2. Induction is familiarly spoken of as the process by
which we collect a general proposition from a number of
particular cases: and it appears to be frequently imagined
that the general proposition results from a mere juxta-
position of the cases, or at most, from merely conjoining
and extending them. But if we consider the process
more closely, as exhibited in the cases lately spoken of,
we shall perceive that this is an inadequate account of
the matter. The particular facts are not merely brought
together, but there is a new element added to the combi-
nation by the very act of thought by which they are com-
bined. There is a conception of the mind introduced in
the general proposition, which did not exist in any of the
observed facts. When the Greeks, after long observing
the motions of the planets, saw that these motions might
be rightly considered as produced by the motion of one
wheel revolving in the inside of another wheel, these.
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wheels were creations of their minds, added to the facts
which they perceived by sense. And ‘even if the wheels
were no longer supposed to be material, but were reduced
to mere geometrical spheres or circles, they were not
the less products of the mind alone,—something addi-
tional to the facts observed. The same is the case in all
other discoveries. The facts are known, but they are
insulated and unconnected, till the discoverer supplies
from his own stores & principle of connexion. The pearls
are there, but they will not hang together till some one.
provides the string. The distances and periods of the
planets were all so many separate facts; by Kepler's
Third Law they are connected into a single truth: but
the conceptions which this law involves were supplied by
Kepler's mind, and without these, the facts were of no
avail. The planets described ellipses round the sun, in
the contemplation of others as well as of Newton; but
Newton conceived the deflection from the tangent in
these elliptical motions in a new light,—as the effect of
a central force following a certain law; and then it was
that such a force was discovered truly to exist.

Thus* in each inference made by Induction, there
is introduced some general conception, which is given,
not by the phenomena, but by the mind. The conclu-
sion is not contained in the premises, but includes them
by the introduction of a new generality. In order to
obtain our inference, we travel beyond the cases which
we have before us; we consider them as mere exemplifi-
cations of some ideal case in which the relations are com-
plete and intelligible. We take a standard, and measure
the facts by it; and this standard is constructed by us,
not offered by Nature. We assert, for example, that a
body left to itself will move on with unaltered velocity ;

* T repeat here remarks made at the end of the Mechanical Euclid,
p. 178.
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not because our senses ever disclosed to us a body doing
this, but because (taking this as our ideal case) we find
that all actual cases are intelligible and explicable by
means of the Conception of Forces, causing change and
motion, and exerted by surrounding bodies. In like
manner, we see bodies striking each other, and thus
moving and stopping, accelerating and retarding each
other: but in all this, we do not perceive by our senses
that abstract quantity Momentum, which is always lost
by one body as it is gained by another. This Momentum
is a creation of the mind, brought in among the facts, in
order to convert their apparent confusion into order, their
seeming chance into certainty, their perplexing variety
into simplicity. This the Conception of Momentum
gained and lost does: and in like manner, in any other
case in which a truth is established by Induction, some
Conception is introduced, some Idea is applied, as the
means of binding together the facts, and thus producing
the truth.

8. Hence in every inference by Induction there is
some Conception superinduced upon the Facts: and we
may henceforth conceive this to be the peculiar import of
the term Induction. 1 am not to be understood as assert-
ing that the term was originally or anciently employed
with this notion of its meaning; for the peculiar feature
just pointed out in Induction has generally been over-
looked. This appears by the accounts generally given of
Induction. “Induction,” says Aristotle®, “is when by
means of one extreme term+ we infer the other extreme
term to be true of the middle term.” Thus, (to take
such exemplifications as belong to outr subject,) from

hd Amlﬂ. Prior., lib. ii., c. 23. Hepi ijs érayayis.

+ The syllogism here alluded to would be this:—

Mercury, Venus, Mars, describe ellipses about the Sun;

All Planets do what Mercury, Venus, Mars, do;
" Therefore all Planets describe ellipses about the Sun.
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knowing that Mercury, Venus, Mars, describe ellipses
~ about the Sun, we infer that all Planets describe ellipses
about the Sun. In making this inference syllogistically,
we assume that the evident proposition, “ Mercury, Venus,
Mars, do what all Planets do,” may be taken conversely,
« All Planets do what Mercury, Venus, Mars, do.” But
we remark that, in this passage, Aristotle (as was natural
in his line of discussion) turns his attention entirely to
the evidence of the inference; and overlooks a step which
is of far more importance to our knowledge, namely, the
invention of the second extreme term. In the above
instance, the particular luminaries, Mercury, Venus,
Mars, are one logical extreme; the general designation
Planets is the middle term ; but having these before us,
how do we come to think of description of ellipses, which is
the other extreme of the syllogism? ‘hen we have once
invented this “ second extreme term,” we may, or may not,
be satisfied with the evidence of the syllogism; we may,
or may not, be convinced that, so far as this property
goes, the extremes are co-extensive with the middle
term*; but the statement of the syllogism is the important
step in science. We know how long Kepler laboured,
how hard he fought, how many devices he tried, before he
hit upon this term, the elliptical motion. He rejected, as
we know, many other “second extreme terms,” for example,
various combinations of epicyclical constructions, because
they did not represent with sufficient accuracy the special
facts of observation. When he had established his pre-
miss, that  Mars does describe an ellipse about the Sun,”
he does not hesitate to guess at least that, in this respect,
he might convert the other premiss, and assert that « All
the Planets do what Mars does.” But the main business
was, the inventing and verifying the proposition respect-
IM; El oy dvriorpépes 7 T 14 B kal p) imeprelves rd pécov.—ARISTOT.
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ing the ellipgse. The Invention of the Conception was the
great step in the discovery ;. the Verification of the Pro-
position was the great step in the proof of the disco-
very. If Logic consists in pointing out the conditions
of proof, the Logic of Induction must consist in show-
ing what are the conditions of proof in such inferences
as this: but this subject must be pursued in the next
chapter ; I now speak principally of the act of invention
which is requisite in every inductive inference.

4. Although in every inductive inference an act of
invention is requisite, the act soon slips out of notice.
Although we bind together facts by superinducing upon
them a new conception, this conception, once introduced
and applied, is looked upon as inseparably connected with
the facts, and necessarily implied in them. Having once
had the phenomena bound together in their minds in
virtue of the conception, men can no longer easily restore
them back to the detached and incoherent condition in
which they were before they were thus combined. The
pearls once strung, they seem to form a chain by their
nature. Induction has given them a unity which it is so
far from costing us an effort to preserve, that it requires
an effort to imagine it dissolved. For instance, we usually
represent to ourselves the earth as round, the earth and the
planets as revolving about the sun, and as drawn to the
sun by a central force; we can hardly understand how it
could cost the Greeks, and Copernicus, and Newton so
much pains and trouble to arrive at a view which is to us
so familiar. These are no longer to us conceptions caught
held of and kept hold of by a severe struggle; they are
the simplest modes of conceiving the facts: they are
really facts. . We are willing to own our obligation to
those discoverers, but we hardly feel it: for in what other
manner (we ask in our thoughts,) could we represent
the facts to ourselves?
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Thus we see why it is that this step of which we
now speak, the invention of a new Conception in every
inductive inference, is 8o generally overlooked that it has
hardly been noticed by preceding philosophers. When
once performed by the discoverer, it takes a fixed and per-
manent place in the understanding of every one. Itisa
thought which, once breathed forth, permeates all men’s
minds. All fancy they nearly or quite knew it before.
It oft was thought, or almost thought, though never till
now expressed. Men accept it and retain it, and know
it cannot be taken from them, and look upon it as their
own. They will not and cannot part with it, even though
they may deem it trivial and obvious. It is a secret,
which once uttered, cannot be recalled, even though it
be despised by those to whom it is imparted. As soon
as the leading term of & new theory has been pronounced
and understood, all the phenomena change their aspect.
There is a standard to which we cannot help referring
them. We cannot fall back into the helpless and bewil-
dered state in which we gazed at them when we possessed
no principle which gave them unity. Eclipses arrive in
mysterious confusion: the notion of a Cycle dispels the
mystery. The Planets perform a tangled and mazy
dance; but Epicycles reduce the maze to order. The
Epicycles themselves run into confusion; the concep-
tion of an Elipse makes all clear and simple. And thus
from stage to stage, new elements of intelligible order
are introduced. But this intelligible order is so com-
pletely adopted by the human understanding, -as to seem
part of its texture. Men ask whether Eeclipses follow a
Cycle ; whether the Planets describe Ellipses; and they
imagine that so long as they do not answer such ques-
tions rashly, they take nothing for granted. They do
not recollect how much they assume in asking the ques-
tion :—how far the conceptions of Cycles and of Ellipses
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are beyond the visible surface of the celestial phenomena :
—how many ages elapsed, how much thought, how much
observation, were needed, before men’s thoughts were
fashioned into the words which they now so familiarly
use. And thus they treat the subject, as we have seen
Aristotle treating it; as if it were a question, not of
invention, but of proof; not of substance, but of form:
a8 if the main thing were not whAat we assert, but Zow we
assert it. But for our purpose it is requisite to bear in
mind the feature which we have thus attempted to mark ;
and to recollect that in every inference by induction,
there is a Conception supplied by the mind and superin-
duced upon the Faots.

6. In collecting scientific truths by Induction we
often find (as has already been observed,) a Definition
and a Proposition established at the same time,—intro-
duced together and mutually dependent on each other.
The combination of the two constitutes the Inductive act ;
and we may consider the Definition as representing the
superinduced Conception, and the Proposition as exhibit-
ing the Colligation of Facts.

6. To discover a conception of the mind which will
justly represent a train of observed facts is, in some mea-
sure, & process of conjecture, as I have stated already;
and as I then observed, the business of conjecture is
commonly conducted by calling up before our minds
several suppositions, and selecting that one which most
agrees with what we know of the observed facts. Hence
he who has to discover the laws of nature may have to
invent many suppositions before he hits upon the right
one; and among the endowments which lead to his suc-
cess, we must reckon that fertility of invention which
ministers to him such imaginary schemes, till at last he
finds the one which conforms to the true order of
nature. A facility in devising hypotheses, therefore, is
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so far from being a fault in the intellectual character
of a discoverer, that it is, in truth, a faculty indispen-
sable to his task. It is, for his purposes, much better
that he should be too ready in contriving, too eager in
pursuing systems which promise to introduce law and
order among a mass of unarranged facts, than that he
.ghould be barren of such inventions and hopeless of such
success. Accordingly, as we have already noticed, great
discoverers have often invented hypotheses which would
not answer to all the facts, as well as those which would ;
and have fancied themselves to have discovered laws,
which a more careful examination of the facts overturned.

The tendencies of -our speculative nature*, carry-
ing us onwards in pursuit of symmetry and rule, and
thus producing all true theories, perpetually show
their vigour by overshooting the mark. They obtain
something, by aiming at much more. They detect the
order and connexion which exist, by conceiving imagi-
nary relations of order and connexion which have no
existence. Real discoveries are thus mixed with base-
less - assumptions ; profound sagacity is combined with
fanciful conjecture; not rarely, or in peculiar instances,
but commonly, and in most cases; probably in all, if
we could read the thoughts of discoverers as we read
the books of Kepler. To try wrong guesses is, with
most persons, the only way to hit upon right ones. The
character of the true philosopher is, not that he never
conjectures hazardously, but that his conjectures are
clearly conceived, and brought into rigid contact with
facts. He sees and compares distinctly the ideas and

* T here take the liberty of characterizing inventive minds in gene-
ral in the same phraseology which, in the History of Science, I have
employed in reference to particular examples. These expressions are
what I have used in speaking of the discoveries of Copernicus.—KHist.
Ind. Sci., vol. i. p. 373.
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the things;—the relations of his notions to each other

and to phenomena. Under these conditions it is not

only excusable, but necessary for him, to snatch at every

semblance of general rule,—to try all promising forms ‘
of simplicity and symmetry.

Hence advances in knowledge* are not commonly
made without the previous exercise of some boldness and
license in guessing. The discovery of new truths requires,
undoubtedly, minds careful and scrupulous in examining
what is suggested; but it requires, no less, such as are
quick and fertile in suggesting. What is invention, -
except the talent of rapidly calling before us the many
possibilities, and selecting the appropriate one? It is
true that when we have rejected all the inadmissible -
suppositions, they are often quickly forgotten; and few
think it necessary to dwell on these discarded hypo-
theses, and on the process by which they were con-
demned. But all who discover truths must have reasoned
upon many errors to obtain each truth; every accepted
doctrine must have been one chosen out of many candi-
dates. If many of the guesses of philosophers of bygone
times now appear fanciful and absurd because time and
observation have refuted them, others, which were at the
time equally gratuitous, have been confirmed in a manner-
which makes them appear marvellously sagacious. To
form hypotheses, and then to employ much labour and
skill in refuting, if they do not succeed in establishing
them, is a part of the usual process of inventive minds.
Such a proceeding belongs to the rule of the genius of
discovery, rather than (as has often been taught in modern
times) to the exception.

7. But if it be an advantage for the discoverer of

* These obeervations are made on occasion of Kepler's speculations,

and are illustrated by reference to his discoveries.—Hist. Ind. Sei.,
vol. i. p. 411—414.
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truth that he be ingenious and fertile in inventing hypo-
theses which may connect the phenomena of nature, it is
indispensably requisite that he be diligent and careful in
comparing his hypotheses with the facts, and ready to
abandon his invention as soon as it appears that it does
not agree with the course of actual oecurrences, This
constant comparison of his own conceptions and suppo~
sition with observed facts under all aspects, forms the
leading employment of the discoverer: this candid and
simple love of truth, which makes him willing to sup-
press the most favourite production of his own ingenuity
as soon as it appears to be at variance with realities,
constitutes the first characteristic of his temper. He
must ‘have neither the blindness which cannot, nor the
obstinacy which will not, perceive the discrepancy of his
fancies and his facts. He must allow no indolence, or
partial views, or self~complacency, or delight in seeming
demonstration, to make him tenacious of the schemes
which he devises, any further than they are confirmed by
their accordance with nature. The framing of hypothe~
ses is, for the inquirer after truth, not the end, but the
beginning of his work. Each of his systems is invented,
not that he may admire it and follow it into all its con~
sistent consequences, but that he may make it the occa-
sion of a course of active experiment and observation.
~ And if the results of this process contradict his funda~
mental assumptions, however ingenious, however symme-
trical, however elegant his system -may be, he rejects it
. without hesitation. He allows no natural yearning for
the offspring of his own mind to draw him aside from
the higher duty of loyalty to his sovereign, Truth: to
her he not only gives his affections and his wishes, but
strenuous labour and scrupulous minuteness of attention.
We may refer to what we have said of Kepler, New-
ton, and other eminent philosophers, for illustrations of
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this character. In Kepler we have remarked* the
courage and perseverance with which he undertook and
executed the task of computing his own hypotheses:
and, as a still more admirable characteristic, that he never
allowed the labour he had spent upon any conjecture to
produce any relnctance in abandoning the hypothesis, as
soon as he had evidence of its inaccuracy. And in the
history of Newton’s discovery that the moon is retained
in her orbit by the force of gravity, we have noticed the
same moderation in maintaining the hypothesis, after it
had once occurred to the author’s mind. The hypothesis
required that the moon should fall from the tangent of
her orbit every second through a space of sixteen feet ;
but aceording to his first calculations it appeared that in
fact she only fell through a space of thirteen feet in that
time. The difference seems small, the approximation
encouraging, the theory plausible; a man in love with
his own fancies would readily have discovered or invented
some probable cause of the difference. But Newton
acquiesced in it as a disproof of his conjecture, and «laid
aside at that time any further thoughts of this mattert.”
8. It has often happened that those who have under-
taken to instruct mankind have not possessed this pure
love of truth and comparative indifference to the main-
tenance of their own inventions. - Men have frequently
adhered with great tenacity and vehemence to the hypo-
theses which they have once framed ; and in their affoc-
tion for these, have been prone to overlook, to distort,
and to misinterpret facts. In this manner hypotheses
have so often been prejudicial to the genuine pursuit of
truth, that they have fallen into a kind of obloquy; and
have been considered as dangerous temptations and fal-
lacious guides. Many warnings have been uttered against
the fabrication of hypotheses by those who profess to

* Hist. Ind. Sci., i., 414. + Ib., ii., 160.
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teach philosophy; many disclaimers of such a course by
those who cultivate science.

Thus we shall find Bacon frequently discommending
this habit, under the name of “anticipation of the mind,”
and Newton thinks it necessary to say emphatically
“hypotheses non fingo.” It has been constantly urged
that the inductions by which sciences are formed must
be cautious and rigorous; and. the various imaginations
which passed through Kepler’s brain, and to which he
has ‘given utterance, have been blamed or pitied as la-
mentable instances of an unphilosophical frame of mind.
Yet it has appeared in the preceding remarks that hypo-
theses rightly used are among the helps, far more than
the dangers, of science ;—that scientific induction is not
a “cautious” or a “rigorous” process in the semse of
abstaining from such suppositions, but in not adhkering to
them till they are confirmed by fact, and in carefully
seeking from facts confirmation or refutation. Kepler's
character was, not that he was peculiarly given to the
construction of hypotheses, but that he narrated with
extraordinary copiousness and candour the course of his
thoughts, his labours, and his feelings. In the minds of
most persons, as we have said, the inadmissible supposi-
tions, when rejected, are soon forgotten: and thus the
trace of them vanishes from the thoughts, and the suc-
cessful hypothesis alone holds its place in our memory..
But in reality, many other transient suppositions must
have been made by all discoverers;—hypotheses which
are not afterwards asserted as true systems, but enter-
tained for an instant ;—¢ tentative hypotheses,” as they
have been called.. Each of these hypotheses is followed
by its corresponding train of observations, from which it
derives its power of leading to truth. The hypothesis is
like the captain, and the observations like the soldiers of
an army : while he appears to command them, and in this
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way to work his own will, he does in fact derive all his
power of conquest from their obedience, and becomes
helpless and useless if they mutiny. '

Since the discoverer has thus constantly to work
his way onwards by means of hypotheses, false and true,
it is highly important for him to possess talents and
means for rapidly festing each supposition as it offers
itself. In this as in other parts of the work of discovery,
success has in general been mainly owing to the native
ingenuity and sagacity of the discoverer’s mind. Yet
some rules tending to further this object have been
delivered by eminent philosophers, and some others may
perhaps be suggested. Of these we shall here notice
only some of the most general, leaving for a future chap-
ter the consideration of some more limited and detailed
processes by which, in certain cases, the discovery of the
laws of nature may be materially assisted.

9. A maxim which it may be useful to recollect
is this;—that hypotheses may often be of service to
science, when they involve a certain portion of incom-
pleteness, and even of error. The object of such inven-
tions is to bind together facts which without them are
loose and detached; and if they do this, they may lead
the way to a perception of the true rule by which the
phenomena are associated together, even if they them-
selves somewhat misstate the matter. The imagined
arrangement enables us to contemplate as a whole a col-
lection of special cases which perplex and overload our
minds when they are considered in succession; and if
our scheme has so much of truth in it as to conjoin what
is really connected, we may afterwards duly correct or limit
the mechanism of this connexion. If our hypothesis
renders a reason for the agreement of cases really similar,
we may afterwards find this reason to be false, but we
shall be able to translate it into the language of truth.

VOL. II. " Q
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A conspicuous example of such an hypothesis, one
which was of the highest value to science, though very
incomplete, and as a representation of nature altogether
false, is seen in the doctrine of epicycles by which the
ancient astronomers explained the motions of the sun,
moon, and planets. This doctrine connected the places
and velocities of these bodies at particular times in a
manner which was, in its general features, agreeable to
nature. Yet this doctring was erroneous in its assertion
of the circular nature of gll the celestial motions, and in
making the heavenly bodiés revolve round the earth. It
was, however, of immense value to the progress of astro«
nomical science; for it enabled men to express and
reason upon many important truths which they discovered
respecting the motion of the stars, up to the time of
Kepler. Indeed we can hardly imagine that astronomy
could, in its outset, have made so great a progress under
any other form, as it did in consequence of being cul-
tivated in this shape of the incomplete and false epicy-
clical hypothesis.

‘We may notice another instance of an exploded hypo«
thesis, which is generally mentioned only to be ridiculed,
and which undoubtedly is both false in the extent of its
assertion, and unphilosophical in its expression; but
which still, in its day, was not without merit. I mean
the doctrine of Nature's horror of a vacuum (fuga vacui,)
by which the action of siphons and pumps and many
other phenomena were explained, till Mersenne and Pas-
cal taught a truer doctrine. This hypothesis was of real
service; for it brought together many facts which really
belong to the same class, although they are very different
in their first aspect. A scientific writer of modern times*
appears to wonder that men did not at once divine the
weight of the air from which the phenomena formerly

* Devvc, Modifications de F Atmosphere, partie i.
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ascribed to the fuga vacui really result. “Loaded, coms-
pressed by the atmosphere,” he says, “they did not recog-
nize its action. In vain all nature testified that air was
elastic and heavy; they shut their eyes to her testimony.
The water rose in pumps and flowed in siphons at that
time as it does at this day. They could not separate the
boards of a pair of bellows of which the holes were
stopped; and they could not bring together the same
boards without difficulty if they were at first separated.
Infants sucked the milk of their mothers; nir entered
rapidly into the lungs of animals at every inspiration
cupping-glasses ‘produced tumours on the skin; and in
spite of all these striking proofs of the weight and elas-
ticity of the air, the ancient philosophers maintained
resolutely that air was light, and explained all these
phenomena by the horror which they said nature had for
a vacuum.” Itis curious that it should not have occurred
to the author while writing this, that if these facts, so
numerous and various, can all be accounted for by one
principle, there is a strong presumption that the principle
is not altogether baseless. And in reality is it not true
that nature does abhor a vacuum, and do all she can to
avoid it? No doubt this power is not unlimited; and
we can trace it to a mechanical cause, the pressure of the
circumambient air. But the tendency, arising from this
pressure, which the bodies surrounding a space void of
air have to rush into it, may be expressed, in no extra-
vagant or unintelligible manner, by saying that nature
has a repugnance to a vacuum. ‘

That imperfect and false hypotheses, though they
may thus explain some phenomena, and may be useful in
the progress of science, cannot explain a phenomena;
~—and that we are never to rest in our labours or acqui-
esce in our results, till we have found some view of the
subject which #s consistent with aZl the observed facts :—

Q2
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will of course be understood. We shall afterwards have
to speak of the other steps of such a progress.

10. The hypotheses which we accept ought to explain
phenomena which we have observed. But they ought to
do more than this: they ought to forete! phenomena
which have not yet been observed ;—at least all of the
same kind as those which the hypothesis was invented to
explain. For our assent to the hypothesis implies that
it is held to be true of all particular instances. That
these cases belong to past or to future times, that they
have or have not already occurred, makes no difference
in the applicability of the rule to them. Because the
rule prevails; it includes all cases; and will determine
them all, if we can only calculate its real consequences.
Hence it will predict the results of new combinations, as
well as explain the appearances which have occurred in
old ones. And that it does this with certainty and cor-
rectness, is one mode in which the hypothesis is to be
verified as right and useful.

The scientific doctrines which have at various periods
been established have been verified in this manner. For
example, the Epicyclical Theory of the heavens was con-
firmed by its predicting truly eclipses of the sun and
moon, configurations of the planets, and other celestial
phenomena; and by its leading to the construction of
Tables by which the places of the heavenly bodies were
given at every moment of time. The truth and accuracy
of these predictions were a proof that the hypothesis was
valuable and, at least to a great' extent, true; although,
as was afterwards found, it involved a false representation
of the structure of the heavens. In like manner, the
discovery of the Laws of Refraction enabled mathema-
ticians to predict, by calculation, what would be the
effect of any new form or combination of transparent
lenses. Newton’s hypothesis of Fits of Easy Transmis-
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sion and Easy Reflection in the particles of light, although
not confirmed by other kinds of facts, involved a true
statement of the law of the phenomena which it was
framed to include and served to predict the forms and
colours of thin plates for a wide range of given cases.
The hypothesis that Light operates by Undulations and
Interferences, afforded the means of predicting results
under a still larger extent of conditions. In like manner
in the progress of chemical knowledge, the doctrine of
Phlogistou supplied the means of foresecing the conse-
quence of many combinations of elements, even before
they were tried; but the Oxygen Theory, besides afford-
ing predictions, at least equally exact, with regard to the
general results of chemical operations, included all the
facts concerning the relations of weight of the elements
and their compounds, and enabled chemists to foresee
such facts in untried cases. And the Theory of Electro-
magnetic Forces, as soon as it was rightly understood,
enabled those who had mastered it to predict motions
such as had not been before observed, which were accord-
ingly found to take place.

Men cannot help believing that the laws laid down by
discoverers must be in a great measure identical with the
real laws of nature, when the discoverers thus determine
effects beforehand in the same manner in which nature
herself determines them when the occasion occurs. Those
who can do this, must, to a considerable extent, have de-
tected nature’s secret ;—must have fixed upon the condi-
tions to which she attends, and must have seized the rules
by which she applies them. Such a coincidence of untried
facts with speculative assertions cannot be the work of
chance, “but implies some large portion of truth in the
principles on which the reasoning is founded. To trace
order and law in that which has been observed, may be
considered. as interpreting what nature has written down
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for us, and will commonly prove that we understand her
alphabet. But to predict what has not been observed, is
to attempt ourselves to use the legislative phrases of
nature; and when she responds plainly and precisely to
that which we thus utter, we cannot but suppose that we
have in a great measure made ourselves masters of the
meaning and structure of her language. The prediction
of results, even of the same kind as those which have
been observed, in new cases, is a proof of real success in
our inductive processes. .

11. We have here spoken of the prediction of facts
* of the same kind as those from which our rule was col-
lected. But the evidence in favour of our induction is
of a much higher and more forcible character when it
enables us to explain and determine cases of a kind
different from those which were contemplated in the
formation of our hypothesis. The instances in which
this has occurred, indeed, impress us with a conviction
that the truth of our hypothesis is certain. No accident
could give rise to such an extraordinary coincidence. No
false supposition could, after being adjusted to one class
of phenomena, so exactly represent a different class, when
the agreement was unforeseen and uncontemplated. That
rules springing from remote and unconnected quarters
should thus leap to the same point, can only arise from
that being the point where truth resides.
. Accordingly the cases in which inductions from classes
of facts altogether different have thus jumped together,
belong only to the best established theories which the
history of science contains. And as I shall have occasion
to refer to this peculiar feature in their evidence, I will
take the liberty of describing it by a particular' phrase;
and will term it the Consilience of Inductions.

It is exemplified principally in some of the greatest
discoveries. Thus it was found by Newton that the
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doctrine of the attraction of the sun varying according to
the inverse square of this distance, which explained
Kepler's third law of the proportionality of the cubes of
the distances to the squares of the periodic times of the
planets, explained also his first and second laws of the
elliptical motion of each planet; although no connexion
of these laws had been visible before. Again, it appeared
that the force of universal gravitation, which had been
inferred from the perturbations of the moon and planets
by the sun and by each other, also accounted for the fact,
apparently altogether dissimilar and remote, of the pre-
cession of the equinoxes. Here was a most striking and
surprising coincidence, which gave to the theory a stamp
of truth beyond the power of ingenuity to counterfeit.
In like manner in optics; the hypothesis of alternate fits
of eagy transmission and reflection would explain the
colours of thin plates, and indeed was devised and ad-
justed for that very purpose; but it could give no account
of the phe